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PREFACE, 



This little book contains a short descriptio 
course of practical chemistry, which an experience 
of many years has proved suitable for those c 
mencing the study of the science. The work is, 
however, not intended to supplant, but rather to sup- 
plement instruction given by tJie Teacher, as it points 
out the principles of the various processes and n 
the various reactions without entering into the details 
of the necessary manipulation, which after all can 
only be satisfactorily leaml by practical demonstra- 
tion. The subject-matter has been carefully compiled, 
under my supervision, by Mr, Francis Jones, F.R.S.E., 
formerly Junior Demonstrator in this Laboratory, and 
many improvements in the analytical tables are due to 
Mr. Schorienuner, F.R.S.. the Senior Demonstrator. 

To those about to use the book, I would give the 
following advice ;— 
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PART I. 

PREPARATION OF APPARATUS. 
GASES, &c. 

J . Glass stirring-rods. 

Divide a piece of glass rod into several pieces about 
two decimetres in length. This is done by filing the 
glass rod at each place where it is to be cut off, with 
a three-cornered file, and then snapping it across. 
Knock off any projecting pieces of glass which may be 
left at the newly-cut edges, and then hold each end of 
the rod in the flame of a Bunsen lamp until the sharp 
edges are fused and rounded. The glass rods thus 
made serve for stirring liquids, &c. 

2. A wash bottle. 

Soften a cork ♦ by gently rolling it under the foot, 
and fit it air-tight into the neck of a flask about one 
litre capacity. Then, by means of a round file, bore two 
holes in the cork about three millimetres in diameter, 

* A doubly-bored india-rubber stopper may be used instead of a cork 

7^ 




ining parallel to each other and to the lonEei 
s of the cork. Next obtain two pieces of glass 
tubing of the same diameter, one three decimetres 
long and the other half that length. Hold one end 
1 of the longer tube in the Uunsen flame 
until the opening contracts considerably 
(but take care not to seal it up entirely), 
and then bend it about half a decimeter 
from the end, as shown in the figure. 
This is done by holding the glass tube 
horijontally in a common batswjng gas 
jet flame, turning it round so as to heat 
all parts equally, and bending to the pro- 
per angle as soon as it feels sufficiently 
soft. Noiv round the edge of the wide 
end of the tube by holding it in the 
flame till it softens, and when cold fit it into the cork. 
In a similar way round both ends of the shorter piece 
of tubing, bend to the angle shown in the figure, and 
fit into the other hole. Clean out the flask and tubes 
thoroughly, rinse with distilled water, and then fill up 
with distilled water. 

a. Preparation of oxygen from mercuric oxide. 
When mercuric oxide is heated it is decomposed 
into mercury and oxygen. 

Mercuric oxide yields mercury and oxygen. 
• HgO= Hg+ O 
2i5 = 200 -f" 16 
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Place a. small quantity of n 
lest tube, and heat it over a. Bunsen lamp. The si 
stance darkens in colour, and a ring of minute globules 
of mercury soon forms on the cool part of the tube. 
That the tube contains oxygt-n may be shown by 
plunging a glowing chip of wood into it, and observing 
tliat the wood will be rekindled. It is advisable I< 
keep the thumb loosely on the mouth of the test tube J 
to prevent the escape of oxygen by diffusion. 

4.. Preparation of oxygen from potassium chlorate. 

Potassium chlorate tvhen heated is decomposed intO' 
oxygen and potassium chloride. 

Potassium chlorate yields potassium chloride and \ 
oxygen : 

KClOa = KCI + O3. 
122-6 = 74-6 + 48. 

Place a few crystals of potassium chlorate in a dry 
test tube, and heat gently. The salt soon fuses and 
then begins to effervesce, giving off oxygen, which may 
be recognized, as before, by its power of rekindlin 
glowing chip. When oxygen ceases to be evolved, the \ 
residue is a white salt called potassium chloride. 

A. Tests for potassium chlorate and chloride, 

A solution of potassium chlorate is not precipitated I 
by a solution of silver nitrate ( but potassium chloride ] 
is precipitated, silver chloride being formed, 

Potassium chloride and silver nitrate yield piolassium 1 
nitrate and silver chloride ; 

KCI + AgNOj .= KNO, ■ 



74'6 



170 



1 + 143-5- 



4 PRACTICAL CHEMISTRY. 

Dissolve a crystal of potassium clilorate in distilled 
water, then add solution of silver nitrate, no precipitate 
will be formed. Dissolve also the residue of potassium 
chloride (obtained in 4) in distilled water, and add 
silver nitrate solution. A airdy white precipitate ol 
silver chloride will at once be formed. 

e. Preparation of oxygen from potassium ekleratt 
and manganese dioxide. 

Potassium chlorate when mixed with ahout one-fiflh 
of its weight of manganese dioxide, gives off its oxygen 
at a much lower temperature than when heated alone. 
although the oxide itself remains quite unaltered. 




Place in a small flask (about loo cubic c 
capacity) a mixture of potassium chlorate and manga- 
nese dioxide in the proportions already mentioned. 
Then fit into the neck of the flask a cork through 



PREPARATION OF OXYGEN. 

vhich a bent conducting tube passes, the lower end of I 
which is placed under water in the pneumatic trough. 
rill some gas jars with water and invert them in the 
trough. Support the flask on a retort stand, and heat 
theniixtiire(Fig. 2) ; as soon as heat is applied, bubbles 
ol gas will begin to rise through the water, consisting 
of air expelled from the flask by the heaL These are 
allowed to escape, and the oxygen, which soon begins 
to come off abundantly, is collected by placing the in- 
verted bottles over the end of the conducting tube, and 
thus allowing the bubbles of oxygen to ascend into the 
bottles and displace the water. As soon as the first 
bottle is filled with oxygen, place a shallow earthen- 
ware tray under the neck, and remove it from the 
trough, taking care that the tray contains enough water 
to prevent tlie escape of the gas. When four bottles 
have been filled in this manner, remove the flask and 
conducting tube and allow the former to cool. 

7. Tke residue from the preparation 0/ oxygen from 
potassium chlorate and ina?iganese dioxide ispotassiutK j 
chloride, and unaltered manganese dioxide. 

Dissolve in water the residue in the flask from the | 
preparation of oxygen, filter from the insoluble manga- 
nese dioxide, and evaporate the filtrate in a porcelain I 
basin to a small bulk ; on cooling, crystals o*" ootassiuir 
chloride will separate out. Pour off the mother liquor 
dry the crystals between filter paper, and keep them ii 
a small botde for future experiments. 

B. Combustions in oxygen. 

a taper is burned in oxygen, the carbon which 
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es with the oxygen, fonning carbon di- 
xide (carbonic acid gas), and the hydrogen also unites 
with the oxygen, forming hydrogen monoxide (water). 
Carbon and oxygen yield carbon dioxide ; 
C + Oa = CO^ 
IZ+ 3Z= 44. 
Hydrogen and oxygen yield water; 
H, + ■= HjO. 



Place a small piece of taper on an iron wire support, 
light it, and plunge it into one of the jars of oxygen 
(prepared in 6). Observe that it burns much more 
brightly than in air. Withdraw it, blow the light out, 
and if only a spark remain on the wick, observe that 
when again plunged into the oxygen it is at once 
rekindled. This serves as a convenient test for the 
presence of oxygen. When solution of calcium hydrate 
(lime water) is placed in contact with carbon dioxide, 
calcium carbonate (chalk) and water are formed, and 
the former, being insoluble in water, is precipitated as 
a white powder. 

Calcium hydrate and carbon dioxide yield calcium 
carbonate and water : 

Ca(HO)a + CO, = CaCO, + HjO. 
7+ + 44 = 100 + 18. 

Prove that the jar in which you have burned the 
taper contains carbon dioxide, by adding a little clear 
Jime water to it and shaking so as to bring the gag and 
liquid in contact. A while precipitate will be formed, 
consisting of calcium carbonate. 



COMBUSTIONS IN OXYGEN. 

9. Whtit charcoal is buruedin oxygen carbon dioridt 
is produced. (Compare 8.) 

Place a few pieces of charcoal, about the size ot 
peas, in the deflagrating spoon, hold this in the lamp- 
flame till the charcoal is just kindled, and then plunge 
the spoon into a jar of oxygen. The charcoal will burD \ 
with great brilliancy, and, if enough oxygen be present I 
nothing will remain on the spoon but a little white ash M 
(the inorganic matter in the charcoal). 

Prove the presence of carbon diojcide (as in 8) b 
Gliding lime water. 

A similar union of carbon and oxygen takes place la"! 
animals when breathing, but the combustion is slow, 
not rapid. A portion of the carbon of their bodies 
unites with the oxygen which they inhale from the air, 
and carbon dioxide is produced. Observe this by , 
blowing the air from the lungs through a glass tubo J 
into some clear lime water, a white precipitate of cal- T 
cium carbonate soon forms, caused by the union of the \ 
carbon dioxide of the breath with the lime. (See 
Roscoe, p. 11.) 

10. When sulphur ts burned in oxygen, sulphut \ 
■Uoxide (sulphurous anJiydride) is produced. 

Sulphur and oxygen yield sulphur dioxide ; 

S -f Oj = SOj. 

32 + 32 = 64. 

Place a few pieces of sulphur in the deflagrating 

spoon, heat until the sulphur is melted and takes fire, 

and then plunge it into a jar of oxygen. Observe that 

) siUphur, which only burned feebly in air^ burns 
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with considerable brightness in oxygen. When it has 
ceased to burn, remove the spoon, and observe the suf- 
focating odour of the gas which has been produced. 

Free acids redden blue vegetable colouring matters. 

Show that sulphur dioxide when dissolved in water 
forms an acid, and on pouring a solution of blue litmus 
into the wet bottle in which the sulphur was burned, 
observe that the blue colour is changed to red. 

II. When pkespharus is burned in oxyge7i,phosph<iriii 
pentoxidi {fir phosphoric anhydrids) is produced. 

This is not a gaseous body like the dioxides of sul- 
phur and carbon, but is a white solid substance, which 
very readily unites with water, forming tri-hydrogen 
phosphate (tribasic phosphoric acid). 

Phosphorus and oxygen yield phosphorus pentoxide : 

Pjf Oj = P;Oj- 

62 ■+■ 80 = 142. 

When the oxygen has been collected over water, 

there is always enough moisture in the gas-jar to unite 

with the pentoxide, and form a solution of phosphoric 

add (Hj P O,), thus : 

Phosphorus pentoxide and water yield tri-hydrogen 
phosphate ; 

P,0s + 3 HjO = 2 HjPOj. 
142 + 54 = 196. 
Place a small piece of phosphorus (having care- 
fully dried it with filter-paper) on the deflagrating 
spoon, light it by touching it with a hot wire, and 
place it in a jar of oxygen. Observe the intensely 
brilliant light with which it bums, and the dense white 



PREPARATION OF HYDROGEN. 

fumes of phosphorus pentoxide which are produced, I 
Observe loo that in a short time these fumes disappear 
for the reason already mentioned ; and show that 
an acid is present by pouring in some litmus solution 
and observing the thange of colour from blue to red, 
IB. PrtsetKt o/oiygeii in air. 
Oxygen is present in the air diluted with another j 
gas called nitrogen. In one hundred volumes of a 
about twenty-one consist of oxygen, and seventy-ni 
of nitrogen. When substances burn in air they uni 
with the oxygen in it and produce oxides, just as Ihey I 
do when burned in the pure gas. 

Burn a taper, sulphur, and phosphorus in three jars 
of air, and prove that carbon dioxide, sulphw dioxide, 
and phosphorus pentoxide are respectively produced. 
Ascertain this by applying the same tests as in S. lo, 
and 11. 

13. Preparation of hydrogen. 

By the action of acids on censin metals, such as 
«nc, magnesium, and iron, hydrogen gas is evolved, 
a salt of the metal with the particular acid employed, 
being formed at the same time, thus : 

Zinc and sulphuric acid yield hydrogen and zinc 
sulphate : 

Zn + H,S O, " Ha + Zn S O, 
6;'2 +98 = 2 + i6i-2; and 
iron and hydrochloric acid yield hydrogen and ferrous 
chloride 

Fe -)- 3 H CI = H, + Fe CI, 
S6+ 73 = 2 + ,37. 
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Place a few pieces of zinc in a wide-moulhed flask 
provided with a cork, through which pass two tubes, 
one a bent conducting tube for leading the gas into 
the pneumatic trough, the other a funne! tube for sup- 
plying acid to the zinc. Fill four jars with water, and 
collect the gas (which is given off without the aid of 
heat) in the same way as in the case of oxygen (Fig. 3), 
Having placed the end of the conducting tube in 




ihe pueumatic trough pour down the funnel tube 
enough water to cover the i nc completely and then 
add sulphuric acid by degrees and cautiously shaking 
the flask so as to mui the and and water The gas 
will soon come off with increasing rapidity, but the 
first portion must be rejected, as air and hydrogen form 
an explosive tnixlure. It is therefore necessary to 
wait until all the air has been expelled from the flask 
by the hydrogen. Before filling the jars, collect a test- 
tube full of the gas over the pneumatic trough, and 
apply a light to it (holding the mouth downwards] ; 11 



il burn quietly, you may safely proceed to fill the gas 
jars, but if a slight explosion occur, you must wait 
until another test-tube is collected and found to burn 
quietly. As soon as this is the case, fill four jars with 
the gas, and remove them from the trough in the same 
way as described in 6. 

14. Production oj •water by thi burning of hydrogen 

Whenever hydrogen bums in air or in oxygen, 
water is produced. 

Hydrogen and oxygen yield water : 
Ha+ -- HjO 
2 + i6 = iB. 

Remove the conducting tube from the hydrogen flask 
above described (but without removing the cork), and 
substitute for it a straight piece of 
glass tube of the same diameter, 
drawn out at the upper end so ns to 
formajet (Fig,4). As all the air has 
longagobeen expelled, the hydrogen 
issuing from the jet may be safely 
lighted. Hold over this flame a p;r- 
fectly dry beaker, or test-glass, and 
observe the instant deposit of mois- 
ture on the sides of the glass. This 
15 caused by the union of the hy- 
drogen with the oxygen of the air 
contained inside the beaker. 

15, The residue from the preparation of hydrogen 
from zinc and sulphuric acid is zinc sulphate. 
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Filter a portion of the contents of tlie flask used f&r 
preparing hydrogen from the undiasoived zinc, and 
evaporate the Itltrate to a small bulk. On cooling, 
crystals of zinc sulphate will be formed, which aie 
drained from the mother liquor, dried between filter 
paper, and kept in a corked tube or bottle for future 



16. Hydrogen is a. 
Apply a light to one of the jars of hydrogen, and 

observe that it burns. Notice also the deposit of 
moisture on the sides of the gas jar caused by the 
union of the hydrogen with the atmospheric oxygen. 

17. Hydrogen is lighter thaw air. 

Show this by pouring the contents of one jar, 
upwards, into a Jar of air held above the mouth of 
the hydrogen jar. The hydrogen in virtue of its light- 
ness will leave the lower jar and displace the air from 
the upper jar. Apply a light to each jar, and observe 
that the one originally filled with hydrogen no longer 
contains any, while the other originally filled with air 
contains hydrogen. 

IB. Hydrogen doss not support cond/ustion. 

Take another jar of hydrogen, held mouth down, 
wards, and push up into it a lighted taper, supported 
on a straight wire. The hydrogen will bum at the 
mouth of the jar, but the taper will be extinguished. 
The taper may be withdrawn, relighted, and re-extin- 
guished two or three times. 

19. Preparation of nitrogen. 

When phosphorus is burned in air, it unites with tht 
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oxygen, forming phosphorus pentoxide (PjO^), which 
dissolves in water, whilst the residue is nitrogen. 

Place a small piece of dry phosphorus on a porcelain 
crucible lid, and fix this on a flat piece of cork, so that 
the lid may be floated on the water in the pneumatic 
trough, or other tray containing water. Light the phos- 
phorus, and quickly surround it with a bell-jar, the 
tubulure of which is closed with a cork (Fig. 5). 




portion of the air will first be expelled by the heat, and 
the phosphorus will continue to bum as long as any 
oxygen remains in the air of the bell Jar , when that is 
exhausted itwill cease to burn Observethatthettater 
rises inside the bell-jar, rfplacmfr the oxygen, which 
is no longer gaseous, but has combLned with the phos 
phorus to form phosphorus pentoxide Wait a few 
minutes to allow the pentoxide to be completely dis 
solved by the water. Thp bell nr then contains 
nitrogen. 

ao Nitrogen does not support combustion, and is 
not combustible. 

Place a lighted taper in the bell-jar, and observe 
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that the llanie is at once extinguished, and that Itie 
gas does not hum. 

SI. Preparation of nitric acid. 

All nitrates when heated with sulphuric acid are 
decomposed, nitric acid and a sulphate being formed. 
Thus, when sulphuric add acts on potassium nitrate 
(nitre or saltpetre), nitric acid, and hydrogen potassium 
sulphate {bisulphate of potash) are produced : 

KNOj-f HjSOi = HNO3 + HKSOj 
loi-i + 98 = 63 + 136-1. 

Put about twenty grams of potassium nitrate 
(nitre) in a small stoppered retort, place in the tuhulure 




^^^1 strc 

^H soiling 



small funnel, and through this pour the same weight 

of strong sulphuric acid. Withdraw the funnel without 

the neck of the retort, place the stoppei in the 

tubulure, and support the retort upon a piece of wire 



gauze placed across ihe ring of the reiort stand. Lei 
ihe neck of the retort pass into a clean flask, so ar- 
ranged that a stream of water may fall on it, and thus 
aid the condensation of the acid (Fig. 6), Now heat 
the retort, and observe the formation of red fumes 
(lower oxides of nitrogen) and soon after, the con- 
densation of the nitric acid on the neck of the retort. 
When the contents of the retort cease to boil, with- 
draw the lamp, separate the receiving flask containing 
the nitric acid from the retort, and pour out the con- 
tents of the latter into a dry porcelain dish. When 
cold, break up the cake of hydrogen potassium sulphate 
thus formed, and preserve it for future examination. 

HB. Tests for nitric acid. 

(a) Add a few drops of the nitric acid prepared as 
above to a solution of indigo contained in a test-tnbe. 
The blue colour will speedily disappear owing to the 
oxidising action of the nitric acid. 

{b) Place a few bits of copper turnings in a test- 
tube, cover them with water, and add a little nitric 
acid. The copper soon begins to dissolve, forming 
a blue solution, and at the same time brown vapours 
(ill the test-tube. In this case also the nitric acid 
acts as an oxidizing agent, forming copper nitrate, and 
red fiimes of the oxides of nitrogen are given off. For 
explanation see 30 and 31. 

\c) Add a few drops of nitric acid to a little water 
contained in a test-tube, and then add some strong 
sulphuric acid, and shake until the liquids are tho- 
roughly mixed. Allow this mistiire to cool completely, 
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and then pour gently on to the surface of the liquid a 
solution of ferrous sulphate prepared by dissolving a 
few crystals of the salt in water. This solution is 
lighter than the other, and if poured on gently will 
form a layer of liquid resting on the heavier sulphuric 
acid, and a black ring will form where the two liquids 
meet. This is caused by the liberation of nitrogen 
dioxide (by the action of the FeSO. on the HNOj), 
which forms a dark-coloured compound with the 
ferrous sulphate. On shaking the tube, nitrogen di- 
oxide will escape with effervescence, and the black 
ring will disappear. 

Retain a portion of nitric acid for 87. 

23. Tests for nitrates. 

The same reactions may be used to test for com- 
bined nitric acid {i.e. nitrates), but sulphuric acid must 
first be added to liberate it. 

Repeat the tests a, b, and c (afl), substituting far the 
nitric acid a solution of potassium nitrate in water, to 
which a few drops of strong sulphuric acid have been 
added. 

fl*. Preparation of ammonia. 

When caustic alkalies act on salts of ammonium, 
ammonia gas is liberated. Thus : 

Ammonium chloride and caustic lime yield am- 
monia, calcium chloride, and water : 

3 (NH,) CI -(- CaO = 2 NHa + CaClj + H,0 
I07 + 56 = 34 + m + 18. 

Place about ten grams of powdered ammonium 
sc) and tlie same weight 0/ 
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powdered lime in a test tube provided with a tightly- 
fitting cork, through which passes a tube bent as 
shown in the figure. Place over this an inverted 
dry gas-jar, and heat the mixture in the test tube. 
After the air has been expelled, the ammonia gas will 
come over, and in virtue of its lightness be retained 
in the jar. When the jar is filled, remove it from the 




Fig. 7. 



upright tube, place the palm of the hand on the mouth, 
and immerse the jar (mouth downwards) in the pneu- 
matic trough filled with water : the gas will be rapidly 
absorbed, and the water will rise so as to nil the jar. 

C 



its 



PRACTICAL CHEMISTRY. 



Now reverse the conducting tube, and allow the 
, remaining gas to pass into some distilled water 
contained in a bealter. The gas bubbles will be 
completely absorbed, and when the gas ceases to be 
evolved, be careful to withdraw the conducting tube 
from the liquid, so as to prevent it being sucked bacic 
into the hot tube. 

as. Tests for ammonia. 

(fl) Observe the pungent and very characteristic smell 
which the solution of ammonia in water possesses. 

iP) Place a piece of reddened litmus paper above 
the solution, and observe that the vapour given off is 
able to change the colour from red to blue. Place the 
litmils paper in the solution, and the change will be 
still more marked. 

if) Hold a glass rod which has been dipped in 
fuming hydrochloric acid over the solution of aimno- 
nia : it will at once form white fumes of Bmmonium 
chloride, e^iused by the union of the acid and volatile 
alkali, as ammonia is sometimes called. 

Hydrochloric acid and ammonia yield a 
chloride : 

HCl + NH3 = NH.CI. 

36-s + 17 ™ 53-5. 

as. The residue front the preparation of a; 

from amitwitiuin chloride and lime is calcium chloride. 

Dissolve a portion of the residue contained in the 

flask used to prepare ammonia, in water, filter from 

excess of lime, and evaporate the solution to dryness. 

A white salt results, which is detached from the evapo- 
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rating basin, and preserved in a well-stoppered bottle 
for future examination. 

27. Preparation of ammonium nitrate. 

Nitric acid, when neutralized with ammonia, yields 
ammonium nitrate and water : 

HNO3 + (NH4) HO = (NH4) NO3 + HjO. 
63+35 = 80 + 18. 

Place some nitric acid (2l) in an evaporating basin, 
and dilute with twice its bulk of water; add am- 
monia solution (24.) cautiously, and with constant stir- 
ring until a drop of the liquid ceases to colour litmus 
paper red. Observe that as the ammonia is added the 
red colour caused by the nitric acid disappears, and a 
point is reached when the liquid neither reddens litmus 
paper nor turns it blue. When this is the case the acid 
is said to be exactly neutralized, and the addition 
of ammonia must be stopped. Evaporate the solu- 
tion of ammonium nitrate thus obtained, until all the 
water is expelled ; when this is the case, withdraw the 
lamp and allow to cool; a cake of fused ammonium 
nitrate is then obtained. If the salt does not solidify 
on cooling, heat must be again applied. 

28. Preparation of nitrogen monoxide {nitrous 
oxide). 

When ammonium nitrate is heated, nitrogen mo- 
noxide and water are produced. Thus : 
(NH4) NO3 - NjO + 2 HgO. 
80 = 44 + 36. 
Break the cal.e of ammonium nitrate (27) into small 
pieces, and introduce them into a small dry flask 

c 2 
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provided with a conducting tube as in 6. Heat gently, 
and after allowing the air in the flask to be expelled, 
begin to collect the gas which is produced. As this 
gas is soluble to a. considerable extent in cold water, it 
is better to fillthe pneumatic trough with warm water, in 
which the gas is much less soluble. Collect four jars 
of the gas, and then withdraw the condi:cting tube 
from the trough. Do not heat till all the ammonium 
nitrate is decomposed, as towards the close of the 
evolution of gas the decomposition sometimes becomes 
complex, and other gases are generated so rapidly 
that an explosion may occur. 

89. Properties of nitrous exide. 

Combustible substances burn in nitrogen monoxide 
almost as brightly as in oxygen. They decompose the 
gas, uniting with its oxygen to form oxides, and leaving 
unaltered nitrogen. 

Burn a taper, phosphorus, and sulphur in this gas. in 
the same manner as they were burned in oxygen. The 
products of combustion are the same, namely, carbon 
dioxide, phosphorus pentoxide, and sulphur dioxide; 
but there is in addition a residue of nitrogen. 

SO. Preparation of nitrogen dioxide {nitric oxide). 

When nitric acid acts upon melals such as copper 
or mercury, nitrogen dioxide, water, and a nitrate of 
the metal used are produced. Thus : 

Copper and nitric acid yield nitrogen dioxide, copper 
nitrate, and water : 

3 Cu + 8 HNO, = 3 NO + 3 (Cu (NO^) ,) + 4 H,0. 
lews +504 » 60 + 56^-5 + 72. 
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PREPARATION OF NITRIC OXIDE. 

Place same copper turnings in a flask provided wich 
i. funnel and conducting tube, as in the figure. Cover 
the copper with a layer of water, and add nitric acid 
by degrcES until the gas comes off steadily. Fill two 




jars completely, and a third, half full of the gas, 
and' leave the last on the support in the pneumatic 
trough. 

SI. Properties of nitrogen dioxide {nitric oxide). 

(n) Nitrogen dioxide readily unites with free oxygen, 
forming higher oxides of nitrogen which have a brown 
colour, 2 NO + O = NjOj and NO + O = NO,: 
Remove a jar of the gas from the pneumatic trough 
and expose it to the air. Observe at once the formation 
of red fumes, consisting chiefly of nitrogen tetroxide, 
(NO;). Now dip the mouth of the jar under water, 
and observe that these fumes disappear owing to their 
solubility in water, and at the same time observe the 

(.b) Allow a few bubbles of oxygen to pass into the 
bottle half filled with nitrogen dioxide, and observe as 
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before the formation of red fumes, and the rise ul 
water in the jar as these dissolve. 

(c) Nitrogen dioxide does not support the combus- 
tion of a taper, but phosphorus, whun burning very 
brightl)', is not extinguished when placed in the gas. 
Place a small piece of dry phosphorus in a spoon, light 
it, and place it in a jar of nitric oxide : it will be extin- 
guished. Now heal it strongly in the gas flame, and 
again place it, whilst burning brightly, in the gas, and 
observe thai it continues to bum. 

aa. Preparation of carbon dioxide {carbonic acid 
gas). 




When hydrochloric acid acts on calcium carbonate, 
carbon dioxide, calcium chloride, and water are pro- 
duced. Thus ; 

CaCOa -I- a HCl - CO, •\- CaCl, -f H,0. 

loo 4- 73 =44+111-1-18. 

Place some pieces of marble {calcium carbonate) in 

a flask with funnel and conducting tube, pour some 

water over it, and then a Uttle liYdrocbluric acid : 
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a rapid elTervescence will begin, and the gas will be 
given off copiously. It maybe collected over water, 
but as it is much heavier than air it is best collected 
by downward displacement. This is done by placing 
the conducting tube at the bottam of the gas-jars, and 
allowing the heavy gas to collect in tliem and displace 
the air (Fig. 9). As the gas extinguishes flame, the jars 
are ascertained to be full when a lighted taper placed in 
the mouth is at once extinguished. When this is the 
case, cover the jar and substitute another ; in this way 
collect four jars of the gas. 

33. Properties of carbon dioxide. 

(a) Carbon dioxide does not support combustion. 

Place a lighted taper in the gas : observe that it is al 
once extinguislied. 

(!>) Carbon dioxide precipitates lime water. 

Add some clear lime water Co a jar of the gas : it is 
at once rendered milky owing to the formation of cal- 
cium carbonate (see 8). Cover the jar closely with 
the palm of the hand and shake the bottle : the hand 
will adhere to the bottle owing to the partial vacuum 
caused by the absorption of the COj by the lime-water. 

(i) Carbon dioxide is heavier than air. 

Pour the carbon dioxide from one of the gas-jars into 
a jar of air. The gas is so heavy that it will displace 
the air from the jar, and that this is the case may be 
shown by placing a lighted taper in each jar r the one 
originally full of air will now be found filled with carbon 
dioxide, whilst the other will, if held mouth down- 
wards for a few minutes, be found to contain only air ; 
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tinguished, in the 
(carbonic oxide 



I [he former the laper will be 
latter it will continue to burn. 

34. Preparation of carbon n 

This gas is prepared pure by the action of sulphuric 
acid upon formic acid, which is decomposed into car- 
bon monoxide and water. Thus : 

CHaOj = CO -I- HjO. 
46 = 28 + IB, 

It is, however, frequently prepared by the action of 
sulphuric acid on oKalic acid ; but in this case a mix- 
ture of equal volumes of carbon dioxide and carbon 
monoxide is obtained. 

Oxalic acid yields carbon dioxide, carbon monoxide, 

' CjH,0^ = CO2 + CO + H,0. 
90 =^ 44 4- 28 + 18, 
Place some crystallized oxalic acid in a small flask 
provided with a conducting tube (see Fig. 3), cover it 
with strong sulphuric acid (oil of vitriol), heat gently 
on a piece of wire gauze, and after allowing the air to 
escape, collect the gas in the ordinary way at the pneu- 
matic trough. Fill one gas-jar, and a bottle with a. 
neck narrow enough to allow it to be closed with the 
thtimb. Be careful to remove the conducting tube 
from the pneumatic trough as soon as the bottles are 
filled with the gas ; and allow the contents of the flask 
to become quite cold before pouring the liquid away, 

35. Properties of carbon monoxide. 

(a) The gas bums with a blue fiarae even when 
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mixed with carbon dioxide, as it is when prepared us 
above. Apply a light to the wide-mauthed gas-jar 
containing the mixed gases, and observe the pale blue 
flame with which the monoxide bums. 

(p) Pour a small quantity of caustic soda solution 
into the narrow-necked botde containing the mixed 
gases, close it tightly with the thumb, and shake up 
vigorously without removing the thumb. This will 
dissolve out the carbon dioxide, which is soluble in 
caustic soda, hydrogen sodium carbonate being formed, 
and leave the carbonic oxide. Thus : 

CO, -I- CO -I- NaHO = NaHCOa -f CO. 
44 + 28 -H 40 = 84 -I- 28. 
Invert the bottle, mouth downwards, in the pneu- 
matic trough, taking care that the neck is quile 
covered with water, and withdraw the thumb ; water 
will rush into the bottle and fill the space previously 
occupied by the carbon dioxida Replace the thumb 
on the neck of the bottle, and shake again to dissolve 
the last traces of carbon dioxide, and again place the 
neck of the bottle under water in the Irough, and 
observe that the space occupied by water is half the 
total capacity of the bottle. Pour a quantity of the 
gas thus freed from carbon dioxide into a test tube, 
add a little lime water, and shake it up : no turbidity 
ought to be produced. Light the gas at the mouth - 
of the test tube, observe the pale blue flame of the 
carbonic oxide, and after the gas is burned shake 
up again, and observe that the lime-water is now 
rendered turbid. This is because the monoxide in 
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burning takes up oxygen from the a.ir a.nd produces 
the dioxide (COj). 

36. Preparation of chlorine* 

When sulphuric acid acts upon a mixture of common 
sah and manganese dioxide, sodium sulphate, manga- 
nese sulphate, water, and chlorine gas are produced 
Thus: 
1 Naa + % HjSO, + MnO, = NajSO, + MnSO, + 

1 H,0 + Clj. 
117 + 196 + 87 = 142 + 151 + 36 + ?'■ 

Weigh out 30 grams of common salt and the same 
quantity of manKanese dioxide, and mix them together 



Then weigh 60 grams of » 
in an evaporating basin, and add to it 



:r, pl»« it 
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grams of strong sulphuric acid, stirring the liquid with 
a glass rod until it is thoroughly mixed. The liquid 
will become very hot, and must be allowed to cool 
completely J it is then poured into a flask (about one 
litre capacity), the mixture of salt and manganese 
dioxide is added, and the contents of the flask shaken. 
The flask is now provided with a conducting tube bent 
twice at right angles, heat is applied, and the gas col- 
lected by displacement like carbon dioxide (Fig. 10). 
Collect four jars of the gas, and then allow the gas to 
bubble through some distilled water until no more gas 
is dissolved. This solution, called chlorine water, has 
a yellow colour, bleaches vegetable colouring matters, 
and may be conveniently used instead of the gas in 
many reactions. 

37. Properties of chlorine, 

{a) I. Chlorine unites readily with hydrogen, form- 
ing hydrochloric acid (HCl). 

Place a lighted taper in a jar of chlorine, and observe 
that it now burns with a smoky flame ; this is caused 
by the union of the chlorine with the hydrogen of the 
taper, while the carbon also present in the taper, is 
liberated, and causes the abundant smoke. 

2. Moisten a strip of filter paper with turpentine (com- 
posed, like the taper, of carbon and hydrogen), and 
plunge it into a jar of chlorine : hydrochloric acid is at 
once formed, and the liberated carbon again appears 
as soot. The action is so energetic that the paper gene- 
rally takes fire, owing to the heat evolved during the 
reaction. 
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(6) Chlorine unfles readily with finely-divided iiieuls, 
forming metallic chlorides. 

Throw some finely-powdered antimony into a jar of 
chlorine ; union will at once take place with evolution 
of light, and chloride of antimony will he formed. 

(c) Phosphorus and chlorine unite together, forming 
phosphorus chloride. 

Place a piece of dry phosphorus in a deflagrating 
spoon, and place it in a jar of chlorine. It will take fire 
spontaneously and continue to burn with a pale non- 
luminous flame, and chloride of phosphorus will be 
formed. 

(a!) Moist chlorine bleaches vegetable colouring 
matters by uniting with the hydrogen of the water ; 
the oxygen thus liberated attacks the colouring matter 
and destroys it. 

Place a piece of red cloth, partly moistened and partly 
dry, in a jar of chlorine. The dry part will remain un- 
altered, but the moist portion will be rapidly bleached. 

38. Preparation of hydrochloric acid. 

When sulphuric acid and sodium chloride react on 
each other, hydrogen-aodium sulphate (bisulphate ol 
soda) and hydrochloric acid are formed, 

Sulphuric acid and sodium chloride yield hydro- 
chloric acid and hydrogen- sodium sulphate ; 
HjSO, + NaCl = HCl + HNaSO,. 
9S + 58-5 = 36-5 + 120. 

Place in a flask (about a litre in capacity), provided 
with a funnel and conducting tube, about 30 grams 
1 salt. Fit the end of thr conducting tube 



HYDROCHLORIC ACID. aq 

into a small bolUe containing a little water, which 
serves to wash llie gas, and the tube which passes out 
of this bottle conducts the purified gas into lOo c, c* 
distilled water, as in the figure. When the apparatus 
is arranged, add by degrees about 50 grams of strong 
sulphuric acid. The gas will come off" at first with- 



r out heating ; when ail the acid has been added and 
I the evolution of gas slackens, heat the flask gently on 
'. a piece of wire-gauze or on a sand bath. Observe that 
' the water in the wash-botlle has first to be saturated, 
; and that then the gas begins to be absorbed by Che 
distilled water. When this last fumes strongly, remove 
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the wash-botlle and fill a cylinder with ihe gas by 
downward displacement. (See Fig. lo.) 

30. Propirties of hydrochloric acid. 

(n) Hydrochloric acid is extremely soluble in water. 

Close the cylinder filled with hydrochloric acid gns 
with a glass plate, invert it, mouth downwards, in a 
vessel of water coloured with blue litmus, and withdraw 
the glass plate. Observe the rapid rise of the water 
inside the cylinder caused by the solution of the gas, 
and the change of colour from blue to red, showing 
the acid nature of the solution. 

ib) Hj-drochloric acid is a powerful acid. 

Take some of the aqueous solution of the gas (pre- 
pared in 38) and add a drop or two of litmus solution 
to it, so as to colour the solution red. Now add a 
solution of caustic soda, constantly stirring the mix- 
ture, and observe that a point is reached when the red 
colour is changed to a faint blue colour. This point 
denotes that all the acid has been saturated. Evapo- 
race the solution and obtain crystals of sodium chloride 
(common sail). 

These three substances, viz. the hydrochloric acid, 
the caustic soda, and the sodium chloride, are exam- 
ples of three quite distinct classes of chemical com- 
pouniis, called respectively, acids, bases, and salts. 
(For a description of these three kinds of substances 
see Roscoe's " Chemistry," p. 55). 

if) Ammonia and hydrochloric acid unite to form 
ammonium chloride. 

Hold a gLiu rod dipped i 
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the HCl solution, and observe the white fumes of 
NH4CI produced. (See also 25.) 

4.0. Preparation of calcium hypochlorite {or bleaching 
powder). 

Chlorine gas is rapidly absorbed by slaked lime, and 
calcium hypochlorite is formed. 

Lime and chlorine yield water and bleaching powder 
(chloride and hypochlorite of calcium) : 

2 Ca(H0)2 + 4 CI = 2 HjO + (CaCla + Ca(OCl)j). 
148 + 142 =» 36 + III + 143. 

Place a small quantity of slaked lime in a beaker, Jfill 
up with water so as to have a milky liquid containing 
lime in suspension, and then allow chlorine to bubble 
through until the solution smells strongly of it : calcium 
hypochlorite will be found in solution. Place a piece of 
red cloth in some of this solution, and subsequently in 
a little dilute HCl ; chlorine will be liberated by the 
action of the acid, and the cloth will be bleached. 

41. Preparation of hypochlorous acid. 

When diluted nitric acid is added to calcium hypo- 
chlorite, hypochlorous acid and calcium nitrate are 
formed. Thus : 

Ca(0Cl)2 + 2 HNO3 = 2 HCIO + Ca(N03)j. 
143 + 126 = 105 + 164. 

Place a solution of the bleaching liquor, as prepared 
above, in a stoppered retort, the neck of which passes 
into a small flask kept cool by a stream of water. 
Add a few drops of dilute nitric acid to the con- 
tents of the retort, and boil the liquid : the distillate 
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contains a colourless solution of hypocUoTOus acid, 
which will rapidly bleach a piece of ret! cloth placed in 
iL Observe also the peculiar smell of hypo'chlorous 
acid, and remember that a solution of chlorine in water 
(which likewise bleaches) has a yellow colour. 

43. Preparation of iodine. 

When sulphuric acid acts upon a mixture of potas- 
sium iodide and manganese dioxide ; iodine, potassium 
sulphate, manganese sulphate, and wafer are produced. 
Thus: 

2Kl+Mn03+2H,SO,= Ia + K^SO,+MnSO,+2H20 
332-2+ 87 + 196 =254+174-2+ 151 + 36. 

Place in a retort (provided with a receiver kept cold 
by a stream of water) a few grams of potassium iodide 
and a little manganese dioxide, add water and a little 
dilute sulphuric acid, and heat gently. Observe the 
violet vapours filling the retort as soon as the iodine is 
given off, and the gi-ey deposit of iodine on the neck 
of the retort and in the receiver. If a large quantity 
forms in the retort neck, heat it gently, so as to obtain 
as much as possible in the receiver. 

43. Properties of iodine. 

(li) Iodine is very sparingly soluble in water, more 
so in alcohol, and very soluble in a solution of any 
alkaline iodide. 

Separate the iodine obtained above, from any liquid 
which, has distilled over, and divide it into three small 
portions and one large portion. Add to one of the 
small portions some water, to another some alcohol, 
and to the third a solution of potassium iodide, a 
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observe the colours varying from pale to dark brown, 
which the solutions possess. 

ifi) Free iodine forms with starch a compound 
called iodide of starch, which has a dark blue colour. 

Powder a piece of starch (about the size of a pea) in 
a mortar, stir it up with about 25 c. c. of cold water, 
and then heat the mixture (preferably in an evaporating 
basin) till it boils. A thin, clear solution of starch is thus 
obtained ; add a portion of it to about a quarter of a 
litre of water, and then a few drops of one of the solu- 
tions of iodine, and observe the deep blue colour which 
the liquid assumes. Heat a little of this blue liquid in 
a test tube, and observe that the colour disappears ; 
allow it to cool, and observe the reappearance of the 
colour. 

4-4. Preparation of sodittm iodide. 

Iodine is dissolved by a solution of caustic soda, and 
sodium iodide (Nal) and iodate (NalOg) are produced. 
61+6 NaHO = 5 Nal + NalOg + 3 HgO. 
762 + 240 = 750 + 198 + 54. 

Place the larger portion of iodine prepared as above 
in an evaporating basin, add water and caustic soda 
drop by drop until the sohition becomes nearly colour- 
less, and evaporate carefully to dryness, and ignite 
to convert the sodium iodate into iodide. (NalOg =« 
Nal ■-}- O3). A white salt is obtained, which is sodium 
iodide. 

{a) Dissolve it in water and add to it about \ litre 
of water, then add a little of the starch solution, and 
observe that no blue colour is produced as in the case 

D 
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o^free iodine. Now add a drop of chlorine water : this 
will liberate tlie iodine and the blue colour will be pro- 
duced ; add more chlorine water, and the colour will 
disappear, owing \a the formation of a chloride ot 
iodine which does not colour starch blue. 

{p) Add a few drcps of the sodium iodide solution 
to some distilled water, then solution of silver nitrate, 
and observe the pale ycUow precipitate of insoluble 
silver iodide which is produced. Sodium iodide and 
silver nitrate yield sodium nitrate and silver iodide ; 
Nal + AgNOj = NaNOj + Agl. 
ISO + 170 = S5 -1-235. 

*a. Preparation of bromine. 

When sulphuric acid acts upon a mixture of potas- 
sium bromide and manganese dioxide, potassium sul- 
phate, manganese sulphate, bromine, and water are 
produced. Thus : 
2 KBr -I- MnOj -|- 2 HjSO, = KjSO, -1- MnSO, -J- 

Brj -I- J HjO. 

338-2 -1-87-1- 196 = 1742 -I- 151 + 

160 -I- 36. 

Proceed exactly as in the preparation of iodine (*9), 
hut substitute potassium bromide for potassium iodide, 
and keep the receiver very cold, A dark-coloured 
heavy liquid will be obtained irv the receiver : this is 
bromine. Observe that it is heavier than the water, 
which always distils over with it, and that it possesses 
a powerful irritating smelL Observe also that it dis- 
solves in water, forming a red-coloured solution, which 
Dossesses bleaching properties. 
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. Preparation of sodium bromide. 
I Bromine is dissolved by a solution of caustic soda 
and sodium bromide (NaBr), sodium bromate (NaBtOj) 
and water are produced. Thus : 

6 Br + 6 NaHO = 5 Nalir + NaBrOj + 3 H,0. 
480 -I- 240 = 515 + 151 + 54. 

Proceed as in the preparation ot sodium iodide (*4.), 
substituting bromine for iodine. Dissolve the salt 
obtained in water, and observe tbat the solution is 
colourless ; add chlorine water and observe the yellow 
colour produced by the liberation of bromine. 

47. Preparation and propertits of hydrofluoric acid. 

When sulphuric acid acts upon calcium fluoride 
(fluor-spar), calcium sulphate and hydrofluoric acid are 
produced. Thus : 

CaFj + HjSO, = CaSOi -f 2 HF. 
78+98 = 136 + 40. 

This gas cannot be collected in glass vessels as it 
combines with the silica of glass, forming silicon tetia- 
fluoride, SiFj. This property may be observed by 
covering a glass plate with a thin coating of bees wax, 
scratching away the wax at certain points, and then 
exposing the plate to the action of the gas. Place 
some powdered fluor-spar in a small lead or platinum 
dish, pour over it some strong sulphuric acid, and heat 
gently. Observe the fumes of hydrofluoric acid which 
come off, and then place the waxed glass plate across 
the dish so as to be exposed to the gas, taking care 
that the heat applied is not sufficient to melt the wax. 
Remove the plate after a few minutes, warm it to 
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soften the wax, which may then be rubbed off, and 
observe chat where Ihe wax was scratched tne glass is 
etched, while the part protected by wax has not been 
attacked. 

Avoid breathing the fumes, as the gas is very irri- 
tating to the lungs, and acts powerfully on the skin, 
producing painful wounds. 
48 Preparation of sulphur dioxide. 
When sulphuric acid acts upon copper, copper 
sulphate, sulphur dioxide, and water arc produced. 
Thus; 

Cu + 3 HjSO^ = CuSOj + SOs + 2 HaO. 
635 + 196 = 159-S -i- 64. + 36. 
Place some copper turnings in a flask of about half 
a litre in capacity, provided with a funnel and con- 
ducting tube bent twice at right angles. Pour enough 
strong sulphuric acid down the funnel tube to cover 
the copper, and apply heat, collecting the gas, which is 
heavier than air, by downward displacement (see Fig. 
10). Fill two jars with the gas, and then allow it to 
pass, first into a test tube containing nitric acid, and 
then into one containing a solution of potassium chro- 
mate. Observe in the first case the brown vapours 
of oxides of nitrogen which are given off, and in the 
second the change of colour from yellow to green. In 
both cases the sulphur dioxide has acted as a reducing 
agent, reducing the nitric acid to a lower stage of oxi- 
dation, and the potassium chromate to a chromium 
salt of a green colour; while in each case Che sulphur 
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by adding barium chloride, which will precipitate white 
barium sulphate, insoluble in hydrochloric acid. 

4.9. Properties of sulphur dioxide, 

(a) Sulphur dioxide does not support combustion, 
and reddens litmus solution. 

Place a lighted taper in a jar of the gas and observe 
that it is at once extinguished. Then add a solu- 
tion of litmus, and observe the bright red colour 
produced. 

{p) Sulphur dioxide is extremely soluble in water. 

Invert ajar of the gas in the pneumatic trough, and 
observe the rapid rise of water inside the jar, produced 
by the absorption of the gas. 

60. Preparation of sulphuretted hydrogen. 

When sulphuric acid acts upon ferrous sulphide, 
ferrous sulphate and sulphuretted hydrogen are pro- 
duced. Thus : 

FeS 4- H2SO4 = FeS04 + HgS. 
88 -t- 98 = 152 -t- 34. 

Place a few pieces of ferrous sulphide in a small 
flask provided with a funnel and conducting tube, the 
latter of which passes air-tight into a small flask con- 
taining water (to collect any impurities which may 
pass over), and having a second tube fitted into it 
and bent so as to pass into a flask containing water 
(see figure). Now cover the ferrous sulphide with a 
layer of water, and add a few drops of stroug sul- 
phuric acid : obser\'e the effervescence which soon 
begins, and the disagreeable and characteristic smel! 
which the water in the flask soon possesses from 
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iliG solution of ihc gas in it. When the water smells 
strongly, remove the flask ;* then decaat ofT the acid 
irom the ferrous sulphide, wash it two or three times 
with water, tetainiag it in the flask so that it may be 
used again by simply adding fresh acid. 




SI. I'ropertiei of sulphurretted hydrogeri. 

Sulphurretted hydrogen precipitates the solutions of 
salts of certain metals in an acid solution, others in an 
alkaline solution, and does not, under any circum- 
stances, precipitate the remainder ; thus, solutions of 
capper sails are precipitated in an acid solation, solu- 
tions of iron salts in an alkaUne one, and solutions of 
sodium salts are not precipitated at all- Thus : 

Copper sulphate and sulphuretted hydrogen yield 
copper sulphide and sulphuric acid : 

CuS04+ H,S = CuS + H^SO,. 
i59'S + 34 = 9S'5 + 9S. 
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Iron sulphate and potash and sulphuretted hydrogen 
yield iron sulphide, potassium sulphate, and water. 
FeS04 + 2 KHO + H2S = FeS 4- K2SO4 + 2 HjO. 

152 + 1 12-2 + 34 = 88 + 174*2 4- 36. 

Place in a test glass a solution of copper sulphate, in 
another a solution of iron sulphate, and in a third a 
solution of sodium chloride ; to each add a few drops 
of hydrocliloric acid, and then a little sulphuretted 
hydrogen water. Observe the black precipitate of 
copper sulphide in the first glass, and no precipitate in 
the other two glasses. To each of these add a little 
potash solution, and observe the black precipitate ot 
ferrous sulphide in the one case, and the absence of a 
precipitate in the other. 

52. Preparation of sodium hydrate {caustic soda). 

When caustic lime is added to a solution of sodium 
bicarbonate, caustic soda and calcium carbonate are 
produced. Thus : 

CaO + NaHCOa = NaHO + CaCOa. 
56 + 84 =40+100. 

Dissolve about 40 grams of sodium bicarbonate in 
about half a litre of hot water. Then weigh out 30 grams 
of quick lime, slake it with water, and when \i is tho- 
roughly slaked, stir it up with more water so as to 
obtain a milky fluid having lime in suspension. Add 
this to the hot solution of sodium bicarbonatle, and boil 
for a few minutes. Withdraw the lamp, allow the 
precipitate to subside, and observe if a small por- 
tion of the clear liquid effervesce when hydrochloric 
acid is added to it If so, there is still some sodium 
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bicarbonate unconvpried imo caustic soda, and more 
lime must, therefore, be added. If, on the other hand, 
no effervescence occurs, the decomposition is complete, 
and the clear liquid is then evaporated in a clean iron 
or silver dish to dryness. The resulting while sub- 
stance is sodium hydrate (NaHO) or caustic soda. 

as. Properties of sodium hydrate. 

Sodium hydrate is a powerful alkali, and turns red 
litmus solution blue- When hydrochloric acid is added 
to it, it is neutralized, and sodium chloride (common 
salt) formed. (See 30 ) 

Sodium hydrate and hydrochloric acid yield sodium 
chloride and water : 

NaHO + HCl = NaCl + H^O. 
40 + 36'S = 58'S + IS. 

Dissolve some of the caustic soda obtained in 5S, in 
water, and add to it a solution of reddened litmus, and 
observe the change in colour from red to blue. Dis- 
solve a second portion in water, and add to it hydro- 
chloric acid by degrees, until a drop of the liquid taken 
out on a glass rod ceases 10 colour litmus paper blue. 
On evaporating the liquid thus obtained to a small 
bulk, sodium chloride will separate out. 



BLOW-PIPE ANALYSIS. M 



PART II. 

BLOW-PIPE ANALYSIS.-PRELIMINARY 

EXAMINATION. 

54. Blow-pipe reactions. 

How to use the blow-pipe.* ' 

Close the holes at the foot of the Bunsen lamp (Fig. 
13) so as to exclude air, and thus obtain a luminous 
flame. Now place the nozzle of the blow-pipe in the 
centre of the flame, and blow gently through the tube : 
observe that the flame produced is blue and corre- 
sponds to the non-luminous flame of the Bunsen lamp. 
This is the oxidizing or oitter flame of the blow-pipe. 

Now hold the nozzle of the blow-pipe just outside 
the luminous gas flame, and blow gently: observe that 
the flame is partly yellow. This is the reducing or 
inner flame of the blow-pipe (Fig. 14). 

The oxidizing flame is used when a substance has to 
be oxidized, the reducing flame when a body has to be 
reduced, e.g. from a salt to the metallic state. 

* ITie student should be shown, once for all, the different uses of the 
blow-pipe, and then be allowed to practise on several different substance* 
Unless when otherwise expressed the substances used must be dry. 
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I. Reduction.— yWf. together in a mortar equal small 
quantities of dry sodium bicarbonate and silver nilrale. 
' Race a portion in a little hollow scooped out of a 




sound piece of charcoal, and heat in the reilucinj; 
(lame of the blow-pipe. Observe the bright metallic 
bead of silver obtained, dissolve it in nitric acid, and 
precipitate it as chloride with a few drops of HCl. 

2. Oxidtilion. — {it) Make a small loop on the end ot 
a piece of platinum wire, heat it, and dip it while hot 
in some sodium bicarbonate, so as to cause a small 
quantity to adhere to the wire ; now heat it with the 
blow-pipe fiame until it is fused* Then place on it a 
minute quantity of any manganese compound, and 
heat again in the oxidising &3.me of the blow-pipe; by 
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this means sodium manganate is formed, which colours 
the bead bright green. 

{b) Heat a small portion of metallic lead on a piece 
of charcoal in the oxidizing blow-pipe flame. Observe 
the yellow incrustation on the charcoal produced by 
the oxidation of the lead to litharge (PbO). 

55. Blow-pipe reactions for the commonly occurring 
metals* 

(a) Compounds reduced to metal when heated with 

NaHCOs on charcoal in reducing flame : 

Silver. Iiead. Bismnth. Antimony. 

^ w -' ^ I i^^^ " 

Aialleable beads. 'Brittle beads. 

(d) Compounds reduced to metal when heated with 
a mixture of KCN and NaHCOa ^^ reducing flame : 

Tin. Copper. 

White. Red. 

(c) Compounds reduced to metal when heated on 

charcoal with reducing agents, but which at once 

volatilize : 

Mercury. Arsenic. 

({f) Compounds reduced to magnetic metallic pow- 
ders when heated on charcoal with reducing agents : 
Iron. Nickel. Cobalt. 

(e) Compounds reduced to metal when heated on 
charcoal with reducing agents, but which are at once 
converted into oxides : 

Cadmium. Zinc 

Oxide is bit>wn. Oxide is white. 

* These reactions must be carried out tn the order indicated if they 
are applied to the examination of an unknown compound, since a metallic 
salt which is reduced by NaHCOs alone, is reduced a fortiori by a 
mixture of KCN and NaHCOv 
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If) Compounds which, after being heated on char- 
coal, then moistened wiih solution of CoClj, and heated 
again, yield characteristic colours : 

Ztao. Alamlalnm. Masnealiui). 

Green. Blue. Pink. 

{s) Compounds which when fused in a. borax bead 
impart to it a characteristic colour : 
Iron. Cobalt. Hlckel. MBiieaaese. Cbromlnm. Copper. 



(h) Compounds which impart a characteristic colour 
to any non-luminous flame ; 

Barium. StroutiuiiL CaleLom. FotaBSinm. Sodlnm. 
Green. CritnsoD. Red. TioleL Yellow. 

sa. Having found out approximately by tbese reac- 
tions what the substance is, proceed to apply the 
following 

Conflrmatory TeatB. 

(a*) Silver bead soluble in HNO3. Solution yields 
with HCl white curdy precipitate of AgCL 

Lead bead soluble in HNOj. Solution yields with 
dilute HjSO, heavy white precipitate of PbSO^. 

Bismuth head soluble In HNO3. Solution evapo- 
rated with HCl yields with H^S blai:k precipitate of 
Bi^S, 

Antimony bead soluble in HNO, Solution evapo- 
rated with HCl yields with HjS orange precipitate of 
SbiSj. 

(i) Tin head soluble in HNO3, Solution on evapo- 
ration yields white precipitate of SnOj. 

* Th« IcEien cDTTapond with Ihue In the pnceduiA panKnplu. 
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Copper bead soluble in HNO3. Solution, on addition 
of (NH4)H0 in excess, yields deep blue solution. 

{c) Mercury compounds, when heated in a small bulb- 
tube with NaHCOs, yield the metal in minute globules. 

Arsenic compounds, when heated in a small bulb- 
tube with KCN + NaHCOa yield the metal as a 
shining mirror. 

{d) Iron powder soluble in HNO3 + HCl yields 
yellow solution which gives a deep blue coloration 
with K4Fe(CN)8. 

Cobalt powder soluble in HNO3 yields red solution, 
which gives a blue bead when fused with borax. 

Nickel powder soluble in HNO3 yields green solu- 
tion, which gives a reddish yellow bead when fused 
with borax. 

{e) Cadmium oxide distinguished by its brown colour 
on the charcoal. 

Zinc oxide distinguished by its yellow colour while 
hot, turning white when cold. (See also under yC) 

(y) Zinc compounds, a green residue 
on charcoal when moistened with C0CI2 
and re-heated. (See also under e,) 

Aluminium compounds, a blue residue 

on charcoal when moistened with CoCU ) , , , 

J , . J I when cold, 

and re-heated. 

Magnesium compounds, a pink residue 
on charcoal when moistened with CoClg 
and re-heated, 

{g) Iron borax bead, reddish yellow when, hot, pale 
yellow on cooling in oxidizing flame.. 
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Iron borax bead, light green in reducing fiame. 

Cobalt borax bead, deep blue in either oxidizing or 
reducing flame. 

Nickel borax bead, reddish yellow when hot, paJer 
on cooling, and finally nearly colourless in oxidizing 

Nickel borax bead, grey when heated in the reducing 

Manganese boraic bead, amethyst- coloured in oxidiz- 
ing flatne, colour disappears in reducing flame. 

Chromium borax bead, green in either oxidizing or 
reducing flame. 

Copper borax bead, blue or greenish-blue in the 
ONidiiing fiame, becomes colourless in the reducing 
fiame. (See also under b.) 

{h) Barium salts colour the non-lumi- 
nous gas flame pale green. 

Strontium salts colour the non-luminous „ „ 
gas flame bright crimson. ^^^^ 

Calcium salts colour the non-luminous ■ . 
gas flame dull red. ' , .^ 

Potassium salts colour the non-tuminous 
gas flame -viBlet. 

Sodium salts colour the non-luminous 
gas tta.xae yellow. 

bunsen's flame reactions. 

87. — The flame of an ordinary Bunsen lamp serves 

for nearly all the reactions which can be performed by 

the mouth blow-pipe. It is most convenient to use a 



«ith HCL 
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lamp in which the admission of air can be regulated, 
and in which the flame is kept steady by a conical 
chimney supported from the tube of the lamp (see 
Fi&« is)- Adjust the brass cap covering the holes dd^ 




Fig. 15. 

Fig. 13, so as to obtain a small luminous point at 1;, 
Fig. 1 5, and then notice the following zones of flame, 
and the purposes to which they are best suited. 

a. Temperature low. Suitable for observing flame 
colorations of volatile substances. 

/9. Highest temperature. Suitable for fusions at 
high temperatures. 
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, The lower oxidizing Jiame. Suitable for oxida- 
tion of substances in borax or other tieads. 

. The lower reducing fiaine. Suitable for reduc' 
' tions on cbarcoal, and in fused borax or other 

upper oxidising flame (obtained by admitting 
ir). Suitable for oxidation at lower 
temperatures than are found at 3 and y. 

i|. The upper reducing Jliinie. Suitable for reduc- 
tions ; possesses greater reducing power Ihaii 3 

MtlalUc films. — The more volatile metals, such as 
arsenic, mercury, and zinc, are reduced from their 
compounds when these are healed on an asbestos 
thread in the upper reducing flame (■;). If a small 
porcelain basin, filled with cold Wilier, be held just 
above the substance to be examined, the volatilized 
metal condenses on the cold basin as a metallic film. 

Example. — Place a minute quantity of any arsenic 
compound on a thread of asbestos. Hold this in one 
hand, and in the other a small porcelain basin filled 
with cold water. Now place the basin just above the 
upper reducing flame, and then the asliestos thread im- 
mediately below. In a few seconds the reduction will 
be complete ; remove the basin and observe the 
brown film of metallic arsenic. Moisten the film 
with cold dilute nitric acid, and observe that it is 
scarcely soluble ; moisten now with solution of sodium 
hypochlorite, and observe its instant salubility. 

Me/aliic beads. — The less volatile metals may be 



FLAME REACTIONS. 49 

obtained as beads, when their compounds are heated 
with sodium carbonate on a small charcoal rod held 
in the lower reducing flame (5). 

Example. — Hold a crystal of sodium carbonate in 
the lamp flame for a few seconds till it begins to fuse ; 
then rub the fused salt thus obtained over a common 
wooden lucifer match, and bum this until it is converted 
into a rod of charcoal. Then allow a single drop of the 
fused sodium carbonate to fall on the palm of the hand, 
mix this intimately by means of a pen-knife with a 
small quantity of silver nitrate, and then place a very 
small portion of the mixture on the point of the rod of 
charcoal. Allow the mixture to melt in the lower 
oxidizing flame (y), and then push the charcoal splinter 
into the lower reducing flame (5). When the reduc- 
tion is completed, remove the splinter and examine 
the point with a lens. Minute beads of fused silver 
will be seen, which may be further examined by break- 
ing off the end of the splinter, and crushing it, along 
with a few drops of water in a small agate mortar. 
Pour off the water (which will carry iie charcoal with 
it), and examine the metal thus obtained in the same 
way as the bead obtained by the inouth blow-pipe 
(56, a). 

58. Compounds of the following metals form 
metallic films : — Antimony, Arsenic, Bismuth, 
Mercury, Thallium, Cadmium, Zinc, Indium, 
and Lead. They may be further distinguished by 
the following tests ; — 

E 



i i 
i 



1° 
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Antimony. Black film, lliin part brownl Scarcely so- 
Arsenic. „ „ „ I dilu^HNO, 

Bismuth. Black film, thin part brownl With 

Mercury. Grey non-coherent thin iilm> ?^ ^, 

Thallium, Black film, thin part bi-own| 

Cadmium. Black film, thin part brownl 



soluble 
Id dilute 
HNOj. 



Instantly so- 
luble in cold 
dilute HNO_ 



Indium. „ 

I eacl. 

Compounds of the following metals give no film, 
but are reduced to metal on charcoal splinter :— 
Copper, Tin, Silver, Gold, Platinum, Iron, 
Nickel, and Cobalt. They may be further distin 
guished as follows : — 
Copper. Red bead, soluble in HNO, 
Tin. Whitehead „ „ 

Silver. „ „ „ 

Gold. Yellow bead, insoluble „ 
Platinum, Non-magnetic powder 
Iron, Magnetic powder 

Nickel „ 

CobalL „ „ 



Fusible to 
metallic 

1 Not fusible to 
\ beads, but ob- 

(tained as me- 
tallic powders. 



S9. Additional tests for the compounds of the 
follo\ving metals ; — 

Antimony. — On asbestos thread in upper reducing 
flame, pale green coloration, unacconipitnied by smell. 
Keduced on charcoal splinter, yields white brittle 
metallic beads. 
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Arsenic. — On asbestos thread in upper reducing 
6ame, pale blue coloration, and characteristic smell 
(garlic). Reduced on charcoal splinter, yields no 
metallic bead. 

BismutJu — Reduced on charcoal splinter, yields 
shining yellowish brittle splinters of metal. Dissolve 
in HNO3, add SnCJg, and NaHO, yields black precis 
pitate of Big O2. 

Mercury, — Mixed with dry sodium carbonate and 
potassium nitrate, in a small thin test-tube (5 millimetres 
wide and 15 millimetres long), and held in the flame 
(by a platinum wire coiled round it) just below a small 
porcelain basin filled with water, yields grey film, 
which, on rubbing with a piece of filter paper, is col- 
lected into small globules. If the quantity of mercury 
be large, globules form at once. 

Thallium. — Flame coloration bright greeu Re- 
duced on charcoal splinter, yields white ductile bead, 
which quickly oxidizes, and is acted on by HCl with 
difficulty. 

Cadmium. — Reduced on charcoal splinter imper- 
fectly to a white ductile bead. 

Zinc. — On asbestos thread in upper oxidizing flame, 
yields white film of ZnO on the porcelain basin. 
Moisten a square centimetre of filter paper with 
HNO3, and rub it over the surface of the basin so 
as to dissolve the oxide film j roll this up and place 
it in a coil of thin platinum wire. Now burn the paper 
in the upper oxidizing flame at as low a temperature 
as possible, and observe that the colour of the ash is 

E 2 
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yellow, while hot, 3.nd white on cooling. Moisten thi; 
nsh with a. drop of a very dilute solution of cobalt, heal 
in the Limp flame, and observe the green colour pro- 

Indium. — Flame coloration, intense indigo colour. 
Reduced on charcoal splinter with difficulty to silver- 
while ductile globules, slowly soluble in HCl. 

Zj"a</.^ Reduced on charcoal splinter, yields soft 
ductile metaUic beads, soluble in HNOj. Add Yi.^SO^, 
yields white precipitate of PhSOj. 

Copper. — Reduced on charcoal splinter, yields ductile 
metallic beads of a red colour. Dissolve in HNO, 
and add KiFe {CN)j, yields chocolate coluured preci- 
pitate of CujFe(CN)^ 

Fuse a small quantity of borax on a straight piece 
of platinum wire (of the thickness of a horsehair), and, 
having obtained a clear bead, add a trace of any 
copper compound, and observe the blue bead obtained, 
wnich does not alter in the lower reducing flame. Add 
B. trace of tin or any tin salt, and heat in the lower 
reducing flame ; observe the change of colour to red. 
owing to the formation of CujO. 

Tin.— Obtain a borax head coloured faintly blue by 
copper, and add the tin (orapound ; proceed just as 
described under copper. The change of colour from 
^ blue to red indicates presence of tin. 

Silver. — Reduced on charcoal splinter, yields white 
ductile beads. Dissolve in HNO3 and add HCl. 
yields white curdy precipitate of Ag CI. 

Gnld. — Reduced on charcoal Bjilinter, yields yellow 
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very malleable beads. Dissolve in aqua regiay absorb 
the yellow solution on filter paper, and moisten with 
SnCl2, yields purple of Cassius. 

Platinum. — Reduced on charcoal splinter yields a 
grey spongy mass, which becomes lustrous when rubbed 
in the mortar. Observe insolubility in HCl and in 
HNO3, ^^^ solubility in aqua regia, forming a light 
yellow solution. 

Iron, — Reduced on charcoal splinter, yields no bead, 
but minute metallic particles. Crush the end of the 
splinter in an agate mortar with a little water, and 
stir gently with a magnetized knife-blade. The finely 
divided metal will adhere to the knife. Rub this 
off on filter-paper, dissolve in aqtia regia and add 
K4Fe(CN)g : observe the blue coloration from forma- 
tion of Prussian blue. 

Borax bead: In the oxidizing flame when hot, 

yellow to brownish red. 
„ „ In the oxidizing flame when cold, 

yellow to brownish yellow. 
„ „ In the reducing flame, bottle 
green. 

Nickel, — Reduced on charcoal splinter, yields white 
lustrous ductile particles, which form a brush on the 
point of the magnetized knife-blade. Rub these on 
paper and dissolve in HNO3, and observe the green 
colour produced. 

Borax bead : In the oxidizing flame, greyish brown 
or dirty violet. 

Upper reducing flame, grey from reduced nickel 
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which often collects to a spongy mass, leaving the 
bead colourless. 

Cflirt/A— Reduced on charcoal splinter, yields while 
lustrous ductile particles, which adhere to the mag- 
netised knife-blade. Rub these 0:1 paper and moisten 
, with HNO3 J observe the red colour, which changes to 
green on addition of HCl and diving; moisten with 
water, and observe the disappearance of the colour. 

Borax bead : In the oxidiiing flame, bright blue, 
unaltered in the lower reducing flame. 

60. The following metals are most easily re- 
cognized as compounds : — Chromium, Manganese, 
Uranium, 

Ckmtnium. — Heated on platinum foil with Na^COj 
and -with repeated additions of KNO3, yields a yelitw 
mass soluble in water to a yellow solution. 

Manganese. — Borax bead amethyst- coloured in the 
oxidizing flame, colourless bead in the reducing flame. 
Healed with NsjCOj and KNO^ yields a green bead, 
soluble in water to a green solution, which turns red 
on addition of acetic acid. 

Urattium. — Borax bead yellow, in the oxidizing flame, 
which becomes green in the reducing flame, especially 
on addition of SnCl^. 

The following tests for phosphorus and sulphur 
compounds are exceedingly delicate ; — 

Pkasp/iorus.—lgnits the sample, and then powder 
finely and place in a small lest tube about the thick- 
ness of a straw, along with a piece of magnesium wire 
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about five millimetres long, which should be covered 
by the powder. Now heat, and observe the incan- 
descence caused by the formation of magnesium phos- 
phide. Moisten the residue, and observe the highly 
characteristic smell of phosphuretted hydrogen. 

Sulphur, — Reduced on charcoal splinter with 
Na2C03, yields NajS. Break off the charcoal point, 
place it on a silver coin, and moisten with a drop of 
water. The silver is at once blackened, owing to the 
formation of silver sulphide. 



61.— PRELIMINARY EXAMINATION OF 

SINGLE SALTS. 

Before proceeding to the systematic analysis of 
single salts or mixtures, it is always advantageous to 
subject substances to a preliminary examination^ in 
order to ascertain the probable nature of the substance. 
The tables A and B,*which follow, are adapted for the 
detection of single salts, either soluble or insoluble. 
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TABLE A. 

PRELIMINARY EXAMINATION OF SINGLE SALTS CONTAIN- 
ING ONE ACID AND ONE BASE. 

a. Examination for Acid.* 

Heat the substance in a dry tube, and observe whether — 

(tf) Water is given off. If so, test its reaction with litmus paper. 

Acid reaction indicates Sulphites (105), t Chlorides (11 1), 

&c. 
Alkaline reaction indicates Ammonium Salts (91). 

(^) A sublimate forms — 

Yellow (or in red globules) indicates Sulphur (60). 

I Ammonium Salts (9T^, iax 
White „ \ Mercury (64 or 67). Anti-r'^'^^, 

' mony (74), Arsenic (75). TdUi'V^ 

(c) A gas is evolved — 

Oxygen indicates {C^^^r'oildei!'^^' ''^*'***' ^'^^' 

Carbon monoxide „ Oxalates (100). 

Nitrogen tetroxide „ Nitrates (23). 

Ammonia „ Ammonium Salts (91). 

Carbon dioxide ,, Carbonates (102). 

(d) The substance alters in colour. To black, indicates Orgranic 

matter, to yellow (while hot), indicates Zinc Oxide or 
Carbonate, to brown, indicates Cadmium Carbonate. 
Take a fresh i)ortion of the substance, add HCl, and observe whether — 

(e) A gas is evolved with effervescence. 

Smelling lik. burning sulphur indicates { *Si"*-Slphate» (.06°)' . 

„ „ rotten eggs ,, Sulphides (117). 

„ „ bitter almonds „ Cyanides (114). 

{Peroxides, Chro- 
mates (no), Hjrpo- 
chlorites (115) 
Rendering lime water turbid „ Carbonates (102). 

(/) Try if the substance is soluble in water; if so, add BaCIg soKition 
to a portion of the solution, and observe if a precipitate form. 

White and insoluble in HCl indicates Sulphates (96). 

• Certain substances, not acids (?.^. mercury, sulphur, ammonia), are 
for convenience included here. 

f These numbers refer to the paragraphs where the reactions of the 
acids and bases are to be found. 
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White and soluble in HCl indicates Phosphates (q8), Silicates 
(103), Oxalates (100), Borates (99), and Fluorides (zoi). 
Also Carbonates and Sulphites (see e). 

If BaCIa has given oo precipitate, add AgNOs to another portion of the 
solution, and observe if a precipitate form. 

White and insoluble in HNO3 indicates Chlorides (m), or 

Cyanides (114) (see «). 
Yellowish-white and insoluble in HNO3 indicates Bromides 

(112) and Iodides (113). 
Yellow and soluble in HNO3 indicates Phosphates (98). 
Black indicates Sulphides (117) (see e). 

iff) If neither water nor HCl has dissolved the substance, try nitric 
acid ; and if this does not dissolve it, try agttn regia; Bnd if this 
does not dissolve it, examine the substance according to the 
methods described in Table B, page 58. 

Note. — Use as little acid as possible to dissolve the substance. If 
nitric acid or aqua regia has been used, evaporate the solution to 
dryness with HCl before proceeding to examine fur the base. 

/3. Examination for Base. 
A solution having been obtained, observe— 
iji) If HCl produce a precipitate, it indicates — 

Silver (63), Mercurous Salts 164), or Ijead (65). 

(/) If HCl + HoS produce a precipitate, it indicate*? — 

If black. Mercuric Salts (67), Lead (65), Bismuth (69), 

or Copper (70). 
If yellow, Cadmiuni (71), Arsenic (75), or Stannic Salts 

(73)- 
If orange, Antimony (74). 
If brown, Stannous Salts (73). 

O) Tf (NH4) HO + NH4CI 4- (NH4)2S produce a precipitate, it 
indicates — 
If black. Iron (77). Nickel (78). or Cobalt (79). 
If white, Zinc (80). or Aluniinium (81). 
If flesh-coloured, Mang^anese (82). 

If green, Chromium (83). (All Chromium compounds are 
coloured.) 

(*) If (NH4)HO + NH4CI + (NH4)2C03 produce a precipiute. it 
indicates— 
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[Bariuni (85) ^tinges flame green). The colours are best 
Strontium (86) I „ „ crimson), seen after m> listening 
lOr Calcium (87) ( », „ dull red), the salts with HCl. 

(/) If not precipitated by the above reagents, it indicates— 

{Magnesium (89), precipitated by NaaHP04 + (NH4)HO 
(white). 
Potassiuni fgo) (tinges flame violet). 
Sodium (92) ( „ „ yellow). 

v)r Ammonium Salts (91) heated with NaHO give smell 
of NH3. 
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mliilB, Aluminates, Oi 

Btronttnm, and LcbjI, ■ 
certain Sulphides (c.f. 
and Iodide of SUver, C 



ilih K SiO^ " 



Tin Dioxide 



Iodide I 

W It ^j^nf^^bl. 

(Conlirmt' 
Obsemi whclh 

Oxide or 



r) ll TiddB a colourless b 
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SUBSTANCES. 



i> ;— Silica, Silicates, Aln- 
r Antimony, Cbrominm, 

F]norlde«(f.f-Dr Catciiiml, 
), the Chloride, Bromide, 



. Carbon. |DefUgrai 



. Cbromltun 
II. Silica u 



»ilhCo(N03),aii 
lle«d by h, 



i^^ .v/jh m^, ^' i) -wLtJ - (AA'-%« *,«f^ ^^<x^ 
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Bariiun Sulphate, fused with NaaCOj yields BaC03. Boil 
the fused mass with water, filter and wash ; the residue dissolved 
in HCl yields BaCl, (flame coloration, green), 'precipitated by 
SrS04 solution. 

Strontium Sulphate, fused with Na^COi yiUds SrCOa. 
Boil the fused mass with water, filter and wash; the residue 
dissolved in HCl yields SrCl, (flame coloration, crimson), preci- 
pitated by CaS04 solution. 

Calcium Fluoride, heated with H3SO4. yields HF, which 
etches glass. 

(z) It is black and infusible, and yields a malleable metallic bead when 
fused with Na^CO^ in the blow-pipe flame. JLead Sulphide. 
(Bead leaves black mark on paper; and, when dissolved iu 
HNO3, gives a white precipitate on addition of HaS04. 



* I1ie action of «trong sulphuric acid often affords a valuable indi<* 
cation of the nature of salts, both soluble and insoluble. In addition 
to observing the action of hydrochloric add (<-, Table A), it is always 
advisable to try the action of strong sulphuric acid. Thus, evolution of-~ 

Sulphur Dioxide »dica.«;|JiP^^»,(aSi(.o«). 

Su Iphuretted H^rdrogen Sulphides (117). 

Hydrocyanic Acid „ Cyanides (114) 

(Peroxides. 
Oxygen „ {Chromates (no). 

(Permansranates. 
Carbon Dioxide „ Carbonates (xoa). 

! Oxalates (100). 
Formates (129.) 
Ferrocyanides (126). 
Chlorine „ Hypochlorites (1x5). 



Chlorine Tetroxlde . „ Chlorates (119). 

M ,« /" H ydrochloric Acid „ Chlorides (i 1 1). 

•5 S) Hydrobromic Acid (+ Br. vapour) „ Bromides (112). 

%A\ Hydriodic Acid (+ I vap.ur) „ Iodides (113). 

fa ^ \ Hydrofluoric Acid „ Fluoride s (loi). 

Nitric Acid „ Nitrates (23). 

Oxides of Nitrogen ,, Nitrites (116). 

Acetic Acid ,. Acetates 138X 



PART III. 

REACTIONS OF THE COMMONLY OCCUR- 
RING METALS, WITH THE METHODS 
OF THEIR SEPARATION. 



GROUPING OF THE METALS. 

6fi. The metals are divided into five groups accord- 
ing to their behaviour with certain substances which 
are termed group reagents. These five groups are the 
following : — 

Group I.— (Silver Group.)* 

Group reagent, HCl. 
Silver, Mercury, Lead. 

The chlorides of the metals of this group are in- 
soluble in water, and are therefore precipitated on 
addition of HCL 



* A characteristic metal in each group may conveniently be used to 
esignate that group. Thus, we may s 
Group," in place of Groups \. and IL 



designate that group. Thus, we may say- " Silver Group" and " Copper 
)f C 
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Group 11. (Copper Group.) 

Group reagent, HgS in presence of HCl. 

Mercury, Lead, Biamuth, Copper, Cadmium, Arsenic, 

Antimony, and Tin. 

The sulphides of the metals of this group are in- 
soluble in HCl, and are therefore precipitated by HgS 
in an aqueous solution containing HCL The three 
last metals, arsenic, antimony, and tin, form a sub- 
group, as their sulphides are soluble in (NH4)2^\ 
whilst the sulphides of the remaining metals are 
insoluble in that reagent. 



Group III. (Iron Group.) 

Group reagent, (NH4)2S, in presence of NH4CI and 

(NH4)H0. 

Iron, Nickel, Cobalt, Zinc, Alun&inium, Manganese, 

and Chromium. 

The sulphides and hydrated oxides of the metals of 
this group are insoluble in water, and are therefore 
precipitated on addition of the group reagent. Alu- 
minium and chromium are precipitated as hydrated 
oxides, the others as sulphides. 
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Group IV. (Barium Group). 

Group reagent, {NH,}jCOj, in presence of (NHj)HO 
and NH^Cl. 

BirlTUD, StTOatliim, GalcitUDi 

The carbonates of the metals of this group are in- 
soluble in water, and are precipitated on the addition 
of (NHJ2CO3; as, however, they are soluble in acids, 
(NHJHO must be added when the solution is acid. 



Group V. (Potassium Ckoui'.) 

Metals un precipitated by the above group reagents. 

Ma^iiesliiiii, Fotasalmii, Sodium, Amiuonlain. 

These metals have no common precipitant, and are 
therefore distinguished by individual tests. 

The student should at first have se\'eral metallic 
sails given to him, and be asked merely to determine 
to wjiich of the above groups each salt belongs ; he 
ought next to make himself familiar with the individual 
tests for each metal which follow, and then proceed to 
the separations of the different metals. It will also be 
well for him to attempt to frame a table of separations 
for each group before consulting those given in the 
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Reactions of tbe Metals of the Silver Groap.f 

63. Metals whose chlorides are insoluble in water, 
and which are precipitated on addition of the .group 
reagent, HCl : 

Silver, Mercury, Ijead* 

Silver. Ag, combining weight 108. 

1. HCl produces a white curdy precipitate of AgCl, 
insoluble in hot water and in HNO3, but readily 
soluble in (NH4)H0. 

2. H2S, or (N 114)28, produces a black precipitate 
of Ag2S, soluble in boihng HNO3, with separation of 
sulphur. 

3. NaHO produces a light brown precipitate of 
AggO, insoluble in excess of NaHO, but soluble in 
(NH4)H0. 

*4i K2Cr04 produces a dark red precipitate of 
Ag2Cr04, soluble in 'hot HNO3; this solution deposits 
on cooling an acid chromate in needle-shaped crystals. 

5. KI produces a pale yellow precipitate of Agl 
insoluble in HNO3. 

6. Heated on charcoal with Na2C03, in the reducing 
flame of the blow-pipe, yields bright, malleable metallic 
beads, soluble in HNO3 (56, a)» 

64. Mercury. Hg, c.w. 200. Mercurdus Salts. 

I. HCl produces a white precipitate of HggClj 
(calomel), insoluble in cold HNO3, and blackened by 
(NH4)H0, from formation of HgaC^NHa). 

f The best confirmatory tests are indicated in the following pages by 
aa asterisk. 
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3. H,S, or {NHjJsS, produces a black ptecipitaie of 
HgjS, not dissolved by boiling HNOa- 

3. NaHO produces a black precipitate of HgjQ, 
insoluble in excess of NaHO or (NHi)HO. 
*4. SnClj produces a grey precipitate of Hg. If 
the fluid be poured off and the residue boiled with 
HCl, distinct globules are obtained. 

5. KI produces a dark green prccipitale of 
Hg,I^ ■ 

6. KjCrO, produces an orange precipitate of mer- 
curous chromate. 

7. If a drop of neutral or only slightly acid solution 
of a mercurous salt be placed on a bright piece of 
copper, metallic mercury is deposited and Ihe stair, 
becomes bright on rubbing ; it disappears on heating, 
owing to Che volatility of the mercury. 

8. Heated in a small tube with tf^il^Oj, yields grey 
deposit of Hg, which on rubblnf appears in distinct 
globules (5B). 

6*. Lelad. Pb, c.w. 207, 

I. HCl produces a white precipitate of PbCla which 
is converted into a basic salt on adding ammonia, but 
without change of appearance. PbCla ii soluble in a 
small quantity of hot water, or in a large quantity of 

1. Hi,SO( produces a heavy white precipitate ol 
PbSO„ soluble in NaHO. In dilute solutions this 
precipitate appears only on standing ; if therefore there 
is no immediate precipitation, the solution should be 
concentrated by evaporation. PbSO, is soluble in 
bailing HCl, and the solution on cooling deposits 
needle-shaped crystals of PbCl^. 



3- KjCrO, produces a bright yellow precipitate of 
PbCrOb readily soluble in NaHO, but with difficulty 
in HNO5. 

* 4. KI p roduces a bright yellow precipitate of Pblj, 
soluble in boiling water ; the solution on cooling' 
deposits the salt in brilliant golden hexagona] scales, 

5. Heated on charcoal with NaHCOg, yield! 

malleable beads, and at the same time a yellow 

jh of PbO on the charcoal (S8, a). 



TABLE C. 

aiLVBR GROUP (I.). 
, Separation of Silver, Hercur;, and liiad. 
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Reactions ol the Metals o( tbe Copper Group. 

67. Metals whose sulphides are ii^soliible in HCl 
and are precipitated in presence of that acid by the 
group reagent H^S. 



Sub-group A. — Sulphides of the above metals in- 
soluble in (NH4)2S2, viz., Mercnrr, I^ad, Copper, Bia- 
nmtki, and CBdminm. 



Mercury. Hg, c.w. 200. HercuTtc smta. 

I, HjS produces, when added by degrees, first a 
white precipitate, which changes to orange, then to 
brownish red, and finally to a black precipitate of 
HgS. These successive changes of colour on the ad- 
dition of HijS are exceedingly characteristic. This 
precipitate is insoluble in HCl and in HNOj, even on 
boiling; it is soluble, however, in KFIS and in aqua 
regia. 

1. KHO produces a yellow precipitate of HgO, which 
is insoluble in excess of the precipitant, except when 
added to very acid solutions. 

3. (NH,)HO produces in solutions of HgClj a 
white precipitate of HgCl(NHj} ("white precipi. 
tate " ). 
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* 4. SnCl, produces, when added in small quantities, 
a white precipitate of HgjClj, but on adding an excess 
of the reagent, metallic mercury precipitates as a grey 
powder, and may be united into a coherent globule by 
boiling with HCl, 

5. KI produces a bright red precipitate of Hglj 
soluble in excess either of KI or of HgCI, 

6. Reactions 6 and 7 for mercurous salts (s*) are 
also produced with mercuric salts, 

68. Lead, Pb, cw. 207. 

1. HjS produces a black precipitate of PbS, even in 
solutions of PbCI^, so that a weak solution of a lead 
salt which has not been precipitated with HCl will be 
precipitated with HjS. Hence lead occurs both in 
the silver and cupper groups. 

2. Reactions z, 3, 4, and 5, for lead, In Group I. (es), 
are also applicable in this group, 

o». Bismuth. Bi, c,w. 210. 

1. H.S produces a black precipitate of Bi^Sj, insolu- 
ble in KHS and KHO, but soluble in HNOj. 

2. KHOor{NH4)HO produces a white precipitate, 
ivhich on boiling becomes yellow (BijOj); the precipi- 
t.ite is insoluble in excess of either reagent, 

* 3, HjO, when added in considerable quantity to 
normal salts of bismuth, produces an immediate white 
precipitate of a basic salt of bismuth. 

Bismuth trichloride is most easily precipitated by 
HjO. If another salt of this metal is being examined, 
it is best to precipitate the oxide first by ammonia ; 
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dissolve it in as little HCl as possible, and evaporate 
it almost to dryness. On adding- water to this solu- 
tion, a precipitate of BiOCl at once forms, which is 
insoluble in tartaric acid (compare corresponding re- 
action with antimony, 74, 4}. Solutions of bismuth 
salts containing much free acid do not give this 
reaction with HjO until the excess of acid has been 
expelled by evaporation. 

4. KjCrO, produces a yellow precipitate of Bij(CrO,)j, 
soluble in HNO3, and insoluble in NaHO. (Compare 
reaction for lead, OS, 3.) 

5. Heated on charcoal with NaHCOj in the re- 
ducing Same of the blow-pipe, yields brittle metallic 
globules; also a slight yellow incrustation of oxide 
on the charcoal. 

70. Copper. Cu, c.w. by^. 

1. HjS produces a black precipitate of CuS, soluble 
in HNO3, but insoluble in KHS, and only slightly 
soluble in (NH,),S5. CuS is also dissolved by KCN, 
but is insoluble in hot dilute H^SO,. 

2. KHO producesapaleblueprecipitaleofCufHO),j. 
insoluble in excess of the precipitant, If the KHO ba 
added in excess and the mixture boiled, the precipitate 
becomes black and loses water. 

* 3, (NH,)HO produces, when added in small quanti- 
ties, a greenish blue precipitate of a basic salt, soluble 
in excess to a dark blue solution, which consists of a 
double basic salt of copper and ammonium. 
4. K,Fe(CN), produces a brown precipitate of 
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Cu,Fe(CN)g, insoluble in dilute acids, but decomposed 
by KHO, 

S- Fe precipitates copper in the metallic state, from 
its solutions, especially in presence of a little free acid, 
Tlie iron ought to be bright and clean. 

6. Zn also precipitates copper solutions. If a solu- 
tion of copper containing a few drops of HCl be placed 
in a platinum capsule, and a fragment of zinc added, 
the copper will be precipitated on the platinum as a 
red coaling. 

7. Compounds of copper, when heated in the Bunsen 
lamp flame, impart a green colour to it, especially after 
addition of AgCl. 

8. Mixed with NaHCOj + KCN and heated on 
charcoal before the reducing blow-pipe flame, yields 
bright red metalhc particles, soluble in HNO^ and 
giving a deep blue solution on adding (NH^jHO. 

71. Cadmittm. Cd, c.w. 112. 

1. H,S produces a yellow precipitate of CdS, soluble 
"in HNOj, but insoluble in KHS, in (NH,),S, and 

in KCN. CdS is dissolved by hot dilute HjSO, 
(Compare reaction for copper, 70, 1.) 

2. KHO produces a while precipitate of Cd(HO)i, 
insoluble in an excess of the precipitant. 

3. (NHi)HO also precipitates Cd(HO)i,but the pre- 
cipitate is soluble in excess. 

* 4. Heated on charcoal with NaHCOjin the reducing 
blow-pipe flame, yields no metallic bead, but a browii 
incrustation of CdO. 
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73, Sub-group B.— Sulphides soluble in (NHJ,Sp 

3se of Tin, Antimony, nnd Anenlc. 

Tin, Sn, CW. 118. Stumona Salta. 

1. HjS produces a dark brown precipitate of SnS, 
soluble in (NHJ^Sj (yellow), but nearly insoluble in 
(NH,),S (colourless). From its solution in (NH,)jS, 
it is re-precipitated as SnSj (yellow) on adding HCl. 
SnS is also soluble in KHO, and, on the addition 
of adds, is re-precipitated as SnS (brown). 

2. KHO produces a white precipitate of Sn (HO), 
soluble in excess of the reagent. 

3. (NH4)H0 also produces a precipitate of Sn(HO)s, 
but not soluble in excess. 

* 4. HgClj produces at first a white precipitate ol 
HgjCljj, and on boiling with excess of the reagent, 
a grey precipitate of Hg. 

S- AuClj produces a purple precipitate (purple 01 
Cassius) on addition of a little HNOj. 

6. Zn produces a precipitate of metallic tin, in 
shining lamins or as a spongy mass. 

7. Mixed with NaHCOj -f KCN and heated on char- 
coal in the reducing blow-pipe flame, yields small 
globules of Sn and a white incrustation of SnOj. 

SUnnlc S&itm. — I. HjS produces a yellow preci- 
pitate of SnSj, soluble in (NH,)jS, in KHO, and in 
boiling concentrated HQ. It is with ditficulty soluble 
in (NHi)HO, and insoluble in (NHiJaCO^. 

2. KHO or (NH4)H0 produces n white precipitate 
of SnO(HO)„ soluble in an excess of the precipitant. 
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* 3. Zn produces the same reaction as with stannous 
sails. (See above.) 

4- The biow-pipe reaction for Stannic is the same as 
for Stannous Salts. (See above.) 

74. Antimony, Sb, c.w. 12a 

I. H,S produces in acid soiutions an orange pre- 
cipitate of SbgSj, soluble in alkaline sulphides, in 
KHO, in boiling concentrated HCl, but insoluble in 
(NHOjCOj. 

1. KHO produces a precipitate of Sb,0^ soluble in 
excess of the reagent. 

3. (NHi)HO produces a precipitate of StijOj, in- 
soluble in excess of the reagent. 

4. HjO produces in solutions of SbClj a white pic 
cipitate of SbOCI, soluble in tartaric acid : compare 
corresponding reaction with bismuth (8», 3). 

5. Zn, in presence of HCl and platinum, precipitates 
Sb as a black powder, which adheres to the platinum 
This is best done either by placing a strip of Zn and 
Pt (in contact) in a solution of Sb made acid with 
HCl, or by placing a similar solution in a platinum 
capsule and dropping in a piece of Zn. The black 
stain on the platinum is not dissolved by cold HCl, 
but is immediately dissolved by warm HNOj. 

* 6 (Marsh's Test).— If a solution of Sb be placed in 
a flask along with Zn and dilute H^SOi, SbHj is given 
off as a gas, which is decomposed by heat, Sb being 
deposited. The apparatus is arraiiged as in the 
figure, a is the evolution flask ; b, a tube containing 
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ftCaClg to absorb mofslure ; and c, a tube of hard glass 
pittaclied to the drying tube, which is drawn out to a 
' point at the extreme end, so as to form a jet. When 
the dilute acid and zinc have been in contact some 
I time, and when the air has been expelled from the 
I flask, the hydiogen evolved is lighted at the jet and a 
T cold porcelain crucible lid is held against the tlame ; if 
I ablack stain be produced on it, the materials employed 




are not pure, and must be rejected. Having ascet 
tained that the Zn and H;S04 are pure, add now by 
the funnel tube a few drops of a solution of antimony, 
and observe that the flame now burns with a bluish 
green colour, and gives off white fumes (SbjOj), and 
that on placing a cold porcelain lid against the flame 
a dull black stain of metallic antimony is deposited 
on it. Obtain several ul these stains in order to com- 
pare them with the i.ui responding arsenic ones, and 
then heat the tube c with the lamp flame. Observe 
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the deposilion of Sb close to the Jlame, and the simul- 
taneous decrease of the green tint of the flame at the 
jcL Obtain several of these mirrors, observe theii 
silvery lustre, and keep some for comparison wi'h 

Further reactions. — (n) Add to the stain on porcelain 
a drqp of NaCIO : the stain will remain undissolved. 

(i) Cut off with a. file the portion of lube containing 
the metallic mirror, and heat it in a dry test tube. The 
mirror will be oxidized to SbjOj, which will deposit as 
a sublimate on the test tube. Examine this with a 
lens, and ascertain that it Is amorphous. 

(f) Attach another tube containing an antimony 
mirror to an apparatus evolving dry H,S, and warm 
the mirror gently (heating first the part of the mirror 
farthest from the evolution flask) : observe the change 
in colour from the formation of orange SbjSj. Now 
detach the tube and pass through it (without heating) 
a current of dry HCl gas ; the Sb,Sj will be convened 
into SbClj, which is volatile, and may be collected by 
dipping the end of the tube under water. On adding 
HjS to this liquid, orange SbjSj will be re-precipitated. 

7. Allow a current of SbH., to pass through a solution 
of silver nitrate : SbAgj will be precipitated (black) and 
nitric acid left in solution. Filter and dissolve the 
residue in a hot solution of tartaric acid, add a few 
drops of HCl, and pass H,S through the solution : an 
orange precipitate of Sb^Sj will he obtained. 

8. Heated with NaHCOj on charcoal in the reducir.g 
blow-pipe flame, yields brittle globules of the mct.il 
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P and a while incrustation of Sb^O^ on the charcoal. 
■ Fumes of the oxide are also given off after the metal 
has been removed from the flame, and they occasion- 
ally condense round the head in a crystalline mass. 

75. Arsenic As, c.w. 75-2. 

1. H,S produces in acid solutions a yellow precipi- 
tate of As^Sj, soluble in alkaline sulphides, in KHO, in 
HNO3, and in (NH4)5C03, but nearly insoluble in 
boiling concentrated HCl. (Compare reactions for Sb, 
74, I.) 

2. AgNOj produces in neutral solutions of the arse- 
nites a pale yellow precipitate of AgjAsOj. This is best 
obtained by adding AgNOj to an aqueous solution of 
AsjOjb and then drop by drop a -very dilute solution of 
(NH,) HO prepared by adding one or two drops of 
ordinary (NHJ HO to a test-tube fuU of H^O. The pre- 
cipitate is readily soluble in excess of (NH4)H0, hence 
the necessity for using a very dilute solution of that 
reagent. 

3. CuSO, added under the same conditions as the 
AgNOa, produces a pale green precipitate of CuHAsOj 
(Scheele's green), soluble in (NH,)HO. 

4. Acetic acid, added to solutions ot AsjOj and 
then KHO in slight excess, yields (after evaporation 
to drj'ness), on ignition in a small tube, oxide of 
cacodyl z {As(CHj)j)0, readily recognized by its power- 
ful and characteristic odour. If SnCl, be added to the 
contents of the tube after ignition, the equally charac- 
teristic smell of cacodyl chloride, As (CHjljCI, is ob. 
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ierved. These experiments (and also Marsh's test (S)) 
must be done with an exceedingly small quantity of sub- 
stance, owingto the poisonous properties of the products. 
*S. Proceed exactU aa in Marsh's lest for Sb (74, 6), 
substituting a solution of As for one of Sb, and 
observe the bluish flame with which the mixture of H 
and AsHj burns, and also the production of while 
fumes of ASjOj. Obtain, as in the case of Sb, stains 
on porcelain lids, and mirrors by heating the hard glass 
tube. Compare these with the antimony stains and 
mirrors, and observe that the latter in the case of As 
are deposited at a greater distance from the heated 
part of the tube, owing to the greater volatility of As, 
Observe also the distinction in colour of the stains : 
dark brown or almost black in the case of Sb, and, 
when seen in thin films, pale brown and lustrous in 
the case of As. 

Further reactions. — {a) Add to one of the stains on 
porcelain a drop of NaClO : it will be rapidly dis- 

{b) Cut off the portion of tube containing a metallic 
mirror, and heat it in a dry test tube. The mirror of 
As will be oxidized to As^Oj, which will be deposited 
in crystals on the cool part of the tube. Examine these 
with a lens, and observe the octahedral form of the 
crystals. Take out the piece of tubing which con- 
tained the mirror, and dissolve the crystals left in the 
test-tube in warm H5O ; add to this solution AgNOj 
and very dilute (NH,)HO, and observe the yellow pre- 
cipitate of AgjAsGj, Or, to Ihe aqueous solution oi 
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3O, add a drop of HCl, and pass H^S through 
S solution, and observe the yellow precipitate ot 

{c) Attach another tube containing an arsenic mirror 
lo an apparatus evolving dry HjS, and warm the 
mirror gently ; it will be converted into yellow AsjS^ 
Now pass dry HCl through the tube (without warm- 
ing), and observe that the sulphide remains unaltered. 
(Compare corresponding Sb reactions, 74, 6, c), 

(d) Allow a current of AsHj to pass through a solu- 
tion of silver nitrate : a black precipitate of Ag will be 
produced, and AsjOj will be found in solution along 
with HNO3 liberated from the AgNOj. Filter from 
Ihe Ag, and very cautiously neutralize the fiee acid with 
highly diluted (NH,)HO, when a yellow precipitate ot 
AgjAsOj will be formed. {Compare corresponding 
Sb reaction, 74, 7.) 

6. Compounds of arsenic, when treated with Zn and 
strong solution of KHO, are converted into AsHj by 
the action of the nascent hydrogen. If this reaction 
be performed in a test tube, and the gas escaping be 
held near a piece of paper moistened with AgNOj, a 
bluish black coloration is produced by the formation 
of AsAgj. (Sb compounds give no similar reaction.) 

7 (Reinsch's Test).— Add to the solution of arsenic, 
HCl and a few strips of bright copper wire or foil : As 
is deposited on Ihe copper, which may be removed 
from the solution, dried by filter paper, and healed iii 
a. dry test-tube to obtain the octahedral crystals ol 
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8. Dry reactions. 

Place the dry arsenic compound at a (Fig. 17), in a 
drawn-out hard glass tube. Then place above it at <J a 
small rod of well-ignited charcoal, and heat the portion 
containing the charcoal until it is red hot. This will 




Fig. »?. 



cause the glass to soften, and the tube will bend so as 
to bring the portion a into the flame. The arsenic 
compound will volatilize and be decomposed by the 
red-hot charcoal, and a metallic mirror will form at c* 
9. Place the dry arsenic compound in a bulb tube 
as at a (Fig. 18), along with a mixture of equal parts 
of dry NaoCOg and KCN, and heat the bulb. A mirror 




of As will form at b, which may be further tested by the 
reactions mentioned for the mirror obtained in Marsh's 
lest (75, 5, b). If any moisture be deposited on first 
heating the tube, remove it by inserting a small coil of 
filter paper. 

10. The above reaction is more delicate when the 
mixture is heated in a current of dry COg. For this 

* Non- volatile compounds of As must be mixed with dry charcoaJ 
powder, and heated in a similar tube, having in addition a small bulb at 
the lower end to contain the mixture 
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y purpose, the arsenic compound is pounded in a mortar 
with a perfectly dry mixture of three parts NajCOj 
with one part of KCN, and placed at a in the tube a6 
(Fig. rg), through which a slow current of dry CO, is 



led, and the whole tube gently heated until every trace 
of moisture is expelled. When this is the case the tube 
is more strongly heated at «, and the mirror is obtained 
at b ; traces of arsenic escape condensation, and there- 
fore a. slight garlic odour is observed at the extremity 
of the tube. Antimony compounds treated in this 
way yield no metalhc mirror, 

1 1. Arsenic compounds, when mixed with NajCOj 
and heated on charcoal by the blow-pipe flame, are 
reduced to metallic arsenic, which at once volatilizes, 
and may be recognized by the characteristic odour 
resembling garlic. 
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esTin. 

KcBCtlona Df the MetKli of the tron Group. 

77. Metals whose sulphides and hydrated oniiies ara 
insoluble in water, and are precipitated on addition of ^ 
Ihe group reagent (NHJ^^ '" presence of (NH,)HO 
and NH,C1, 

Iron, Nickel, Cobalt, ZIdc, Aluminium, MssganeHe, 
Eind Cbromimn. 

Iron. Fe, c.w. ;6. Fen-ons Saita. 

1. (NH4),S produces a black precipitate of FcS, 
insoluble in alkalies, but soluble in HCl. In dilute 
solutions of ferrous salts (NH(),S produces at first a 
green colour ; on standing, however, FeS separates as 
a black precipitate. ... 

2. KHO or (NH,)HO produces a white precipitateSj 
of ferrous hydrate Fe(HO}j, which rapidly acquires a 
dirty green, ind ultimately a reddish brown colour, 
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owing to absorption of oxygen and < 
ferric hydrate, Fej(HO)j. 

3. Carbonates of tlie alkalies precipitate FeCOj 
(white), which rapidly darkens in colour owing to 
absorption of oxygen. 

4. K,Fe(CN), produces a while precipitate o( 
K,Fej(CN)j, which rapidly becomes blue by oxida- 
tion to Fes(CN)ij (Prussian blue). It is insoluble in 
3.cid5, but is decomposed by alkahes. 

#5. K3Fe(CN)a produces a blue precipitate of Fsj 
Fe5(CN)„(Tumbull's blue), also insoluble in acids, but 
decomposed by alkalies, 

6. KCNS produces no coloration. 

7. Ba COj produces no precipitate in coid solutions 
of ferrous salts, 

8. Fused with borax in the oxidiiiag flame, yellowish 
red beads are produced ; in the reducing flame the 
beads become green. (See also SO.) 

FetTlo Baits. — 1. H^S in acid solutions produces a 
precipitate of sulphur, and the salt is reduced to proto- 
salt, thus : FcaCls + HjS = 2 FeCls+ 2 HCl + S. 

2. (NHj)jS produces a black precipitate of FeS mixed 
with sulphur, insoluble in excess of the re-gent and in 
alkalies, but soluble in HCl and in HNO3. In dilute 
solutions of iron only a greenish coloration is produced. 

3. KHO or (NH<)HO produces a brownish red 
precipitate of FeitHO)^, insoluble in excess of either 

•4- K,Fe(CN)9 produces a precipitate of Fe3(CN)i, 
(Prussian blue), insoluble in HCl, soluble in C,H,0(, _ 
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and decomposed by KHO or NaHO with separation 
of Fe2(H0)e. 

.5. K3Fe(CN)8 changes the colour of the solution to 
reddish brown, but does not produce a precipitate. 

6. KCNS produces even in dilute solutions a blood- 
red coloration, due to the formation of a soluble iron sul- 
phpcyanide. HCl does not destroy the coloration, but it is 
destroyed by CjHjOaNa, HgClj, HjPO^jandby G^HeOa. 

7. BaCOs precipitates ferric solutions completely as 
Fe2(HO)6 mixed with basic salt. 

8. The blow-pipe reactions are the same as for ferrous 
compounds. 

78. Nickel. Ni, c.w. 587. 

1. (NH4)sS produces a black precipitate of NiS, 
slightly soluble in excess, forming a brown solution 
from which NiS is precipitated on boiling. The pre- 
cipitate is very difficultly soluble in HCl, but dissolves 
in HNO3 and in aqua regia. 

2. NaHO or KHO produces a light green precipitate 
of Ni(H0)2 insoluble in excess of the reagent, and 
unalterable in air. 

. 3. (NH4) HO produces also a precipitate of Ni(H0)2, 
readily soluble in excess, yielding a blue fluid, which 
is re-precipitated by KHO or NaHO. Acid solutions, 
or those containing salts of ammonia, yield no precipi- 
tate with (NH4)H0. 

♦ 4. KCN produces a yellowish green precipitate of 
Ni(CN)2, soluble in excess to a brownish yelloW solu- 
tion of 2 KCN, Ni(CN)2. This solution is re-precipi- 
tated by addition of dilute HCl or H^SOi, and, if boiled 

G 2 
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with a strong solution of NaClO, yields a black preci- 
piuteof NijCHOJj. 

5. KNO^ in presence of CjHiOj, produces no preci- 

6. Fused with borax in the oxidi/ing blow-pipe flame, 
yields reddish yellow beads when hot, which become 
paler on cooling. In the reducing fiame the bead 
becomes grey by the presence of metallic nickel. (See 
also 59.) 

7». COBAIT, Co, C.W. 5S7. 

I. (NH(1,S produces a black precipitate of CoS, 
insoluble in excess of the reagent and in HCl, but 
soluble in aqua regia. 

a. KHO or NaHO precipitates blue basic salts, which 
turn green on exposure to air by oxidation. On heating 
the precipitate is converted into red hydrate Co{HO)j, 
which issoluble in(N H JjCOjto a reddish violet solution. 

3. {NH,)HO produces the same precipitate as KHO, 
soluble in excess, yielding a reddish brown fluid, which 
is re-prcci pita ted by KHO or NaHO. Acid solutions, 
or those containing salts of ammonia, are no* preci- 
pitated. 

4. KCN produces a light brown precipitate of Co 
(CN);, soluble in excess of the reagent by formation o! 
zKCN, CofCNl,. This solution is re-precipitated by 
the addition of HO or HjSO,. (If the cobalt solution 
to which KCN is added be acid, a precipitate is pro- 
duced, soluble in excess of the reagent. When this 
solutionis boiled, potassium cobalti-cj-anidc K3Co(CN)5 
<s formed which isnot re-precipitated by flCl or H,SO), 
" ffbyNaClO.) 



TESTS FOn ZINC. 8; 

S. K.NOj, added to cobaJt solutions wiih addition of 
acetic acid, produces on standing in a warm place a 
yellow crystalline precipitate (double nitrite of potas- 
sium and cobalt). 

* 6. Fused with borax in either blow-pipe flame, yields 
deep blue beads, which are almost black if the quantity 
of Co be large. (SeeaJso 5S.] 

ao. Zinc. Zn, c.w. 65-2. 

1. (NHjjjS produces a white precipitate of ZnS, 
insoluble in excess of the "eagent and in KHO, but 
soluble in the mineral acids. 

2. KHO or NaHO produces a white precipitate of 
ZnlHO),, soluble in excess of either reagent and in 
(NHi)HO. This solution is re-precipitated by diluting 
and boiling, but is not precipilated by addition of 
NH«C1. I 

3. NajCOj produces a white precipitate of basic 
cai'bonate, insoluble in excess of the reagent. 

4. <NH4)jC03alsD precipitates the basic carbonate, 
but it is soluble in excess of the reagent. 

;. Heated on charcoal with NajCOj in the reducing 
blow-pipe flame, a yellow incrustation of ZnO is 
obtained, which becomes white when cold. 
* 6. Healed on charcoal by the blow pipe flame after 
moistening with CoCIj solution, an infusible green 
mass is obtained. (See also 5B.) 

•1. Aluminium. A1, c.w. 27-3. 
1. (NH4),S produces a white flocculent precipitate 
ofAl,(HO)j. 
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. KHO or NaHO produces also a precipitate o( 
Aij(HO)g, soluble in acids, even in hot acetic acid and 
in excess of the reagent. This solution is not precipi- 
tated by HjS, but is re-precipitated by NH,C1, or by 
adding (NH,)HO after acidifying with HCL 

3. (NHt)HO also precipitates Als(HO)j, soluble in a 
very large excess of the reagent, more difficultly soluble 
in presence of salts of anunonia. 

4. BaCOj produces a precipitate of A1j(H0)b mixed 
with basic salt. 

5. NajHPO, precipitates aluminium phosphate, in- 
soluble in (NH,)HO and in NH,CI,butsoluble in KHO 
or NaHO, and in acids. It does not, however, dis- 
solve in hot acetic acid like aluminium hydrate. 

* 6. Heated on charcoal in the blow-pipe flame, then 
moistened with C0CI3, and re-heated, an infusible blue 
mass is oblained. 

8fi. Manganese. Mn, c.w, 55. 

1. (NHj)jS produces a flesh-coloured precipitate of 
MnS, soluble in acids, even in acetic acid. 

a, KHO or NaHO produces a dirty-white precipi- 
tale of Mn(HO)^ insoluble in excess of the reagent ; 
the precipitate rapidly darkens in colour by absorption 
of oxygen. The freshly- precipitated hydrate is dis- 
solved by NH,C1, hut the higher oxide is insoluble. 

3. (NH,)HO produces the same precipitate of 
Mn(HO)s, insoluble in excess of the reagent ; but it 
gives no precipitate if the manganese solution contain 
NH4CI. Such a solution on standing precipitates the 
dark brown hydrate. 
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4. NagCOg produces a white precipitate of MnCOg, 
\»^hich darkens in colour by absorption of oxygen. 

5. If any manganese solution (free from chlorine) be 
treated with Pb02 and then boiled with HNO3, it is 
converted into permanganate, which is recognized by 
its pink colour as soon as the mixture has settled. 

* 6. If any manganese compound be fused on platinum 
foil with Na2C03 and a trace of KNO3, it is converted 
into Na2Mn04, recognized by its bright green colour. 

7. Fused with borax in the oxidizing flame, an ame- 
thyst-coloured bead is obtained, which becomes colour- 
less in the reducing flame. 

83. Chromium. Cr, c.w. 52*1. 

1. (N 114)28 produces a bluish green precipitate of 
Cr2(H0)g, insoluble, in excess of the reagent. 

2. (NH4)H0 also precipitates the hydrate, soluble 
to some extent in excess, yielding a pink fluid, but on 
heating the precipitation is complete. 

3. KHO or NaHO precipitates also Cr2(H0)g, soluble 
however in excess, yielding a green or bluish violet 
solution. On continued boiling or addition of NH4CI 
and heating, the hydrate is re-precipitated. 

4. BaCOa produces a precipitate of Ci^(HO)i along 
with basic salt ; the precipitation* is not complete till 
the mixture has stood some time. 

5. Fused with NagCOa and KNO3 ^^ platinum foil, 
yellow Na2Cr04 is obtained. 

* 6. Fused with borax in either flame (but best in the 
reducing flame), green beads are obtained. 
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Cobalt, AlTiinlTiiiiTn, Zinc, Rlangraneae, and Chromiiun. 

(till alkaline) + (NH4CI + N 1X4)38. Warm the mixture gently in a small flask 

well with HaO, containing (N1{4)3S, and finally once with H3O alone. The 

the precipitate with cold dilute HCl, and filter. 

Filtrate. 

■« 

Cr, Al, Fe, Zn, and Mn. 

(Green or violet if Cr be present. Boil down a portion and test for Cr by 
borax bead. Adopt Method I. if absent, Method II. if present.) 



METHOD II, Cr is Present. 

Boil down with a little KCID3 till it smells of CI. Add NaaCOs or NaHO 
till just neutral or slightly ac.d ; allow to htcomt per/ect/y cold. Adfd excess of 
BaCO>, place in a flask, cork up and shake well, allow to stand till clear. Filter. 

Residue. i Filtrate. 



FCa (HO)6, Crjj (HO)6, Al^CHOs (also excess of BaC03 •. 
Wash well, boil with pure NaHO, and filter; add 
HCl to the filtrate, and then (MH4) HO till alkaline. A 
white precipitate indicates Aluminiuni. Confirm by 
flame-reaction. Fuse the residue insoluble in NaHO with a 
mixture of NaaCOa and KNO3, extract with water.and filter. 

Residue. 



Filtrate. 



Fe^CHOfi. 

Dissolve in H CI, and test 
with K4Fe(CN)6. A blue 
precipitate indicates Iron. 



Cr. 

Yellow in colour. Acidify 
with acetic acid ; add lead 
acetate. A bright vellow 
precipitate indicates Chro- 
mium. 



ANOTHER METHOD* 
Boil filtrate from Cu group to expel H^S, then boil with 
KCIO3, add N H4CI, and then (NH4)HO till alkaline. Filter. 
Residue. | Filtrate. 



Pe, Al, Cr, 

Test washed ppt. for Cr 
by borax bead, and for Fe 
with K4Fe(CN)6. Treat 
residue with warm NaHO, 
and test for Al in filtrate as 
in Method I. 3. 



1 

Co, Ni, Mn, Zn, 

Add (NH4)3S and filter. 
Separate Co and Ni with H CI 
as above. Boil filtrate from 
NiS and CoS. add NaHO 
till alkaline, and separate Mn 
and Zn as in Method II. 



\ 
Zn, Mn. 

Precip.tate the 
Ba present with 
H2SO4 in tbe hot 
solutiun. Boil 
well, and filter ; 
add NaHO. Pre 
cipitate indicates 
Mangraneae. 
Conrtrm by fus- 
ing with NagO 
and KNO3 
platinum foilj 
the filtrate 
the Mn (__ 
add(NH4),S. 
white precipitate 
indicates Zinc. 
Confirm by 
flame-reaction. 




When this method is used the filtrate cannot be afterwards tested lor 
potassium. 



PRACTICAL CHEMISTRY. 



Reaction! of the Hetals of the B&rktuu Group. 

Bs. Metals whose carbonates are insoluble in water, 
and whose solutions are precipitated on the addition of 
(N H J3CO3 : 13, iiowever, the carbonates are soluble in 
acids, the solution, if acid, must be neutralized by 
addition of (NH^JHO. 

B&riiun, StroDtlom, Calclnm. 

Barium. Ba, c.w. 137. 

I. {NH,)jCOa produces a white precipitate of BaCO^, 
soluble in acids, and to a slight extent in NH4CL 

a. KjCOa or NajCOj produces also a precipitate of 
BaCOj, insoluble in excess of either reagent. 

3. H,SO, or any soluble sulphate produces, even in 
t solutions, a heavy white precipitate of BaS04, 
n acids, alkalies, or salts of ammonium. 
)) or SrSO, produces an immediate white 
^fdtateofBaSO,. 

5. HjSiFg produces a white precipitate of BaSiFj. 

6. Cj(NH,)a04 produces a white precipitate of 
CjBaOi, soluble in HCl and in HNO3. 

* 7. KjCrO, produces a yellow precipitate of BaCrO„ 
insoluble in CjH.Oj, but soluble in HCl and HNO3. 

8. Heated in the lamp flame a green coloration is 
produced, especially on moistening the salt with HCL 

ae. Strontium. Sr, cw. 87'5. 
1, (NHJ^COa or KjCOj precipitates white SrCO,, 
soluble in acids, but less soluble in N HjCl than BaCO, 
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3. HgSOf produces a white precipitate of SrSO,, 
which is much less insoluble in H,0 thnn BaSOu and 
it therefore precipitates from dilute solutions only on 
standing or warming. SrSOjis slightly soluble in HCL 

* 3. CaSO, produces, after standing some time, a 
white precipitate of SrSO,. 

4. HgSiFg does not precipitate strontium solutions. 
5- C2(NH,},0, produces a white precipitate o( 

CjSrOb soluble in HCl and in HNO,, also to a slight 
extent in NH4CI, but very sparingly in CjHjOj. 

6. K^CrOi produces, only in concentrated solutions, 
a yellow precipitate of SrCrO^, soluble in CjHjOj. 

7. Heated in the lamp flame a crimson coloration is 
produced, especially on moistening the salt with HCL 

87. Calcium. Ca, c.w. 40. 

I. (NHt)jC03 or K^COj produces a white precipitate 
of CaCO^, which becomes crystalline on heating. 

z. H]SOf precipitates from strong solutions of cal- 
cium salts CaSO,, as a white precipitate, which dis- 
solves in a large excess of water, and also in acids. 

3. CaS04 produces no precipitate. 

4. HjSiFg produces no precipitate. 

• 5. C^NH^))0( produces, even in dilute solutions, a 
white precipitate of CjCaO,, soluble in HCl or HNO3, 
but insoluble in Q^p^ or in CsH^Oj. 

6. Heated in the lamp flame, a dull red coloration is 
produced, especially on moistening the salt with HO. 
This reaction is imperceptible in presence of Ba or St 
salts. 
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TABLE 

(IV.). 

Separation of Barium^ 



Heat filtrate from iron group, add to the hot solution NH4CI and 
and add to a portion CaS04 solution. An immediate precipitate indicates 
dilute Barium solution. (Test another portion with SrS()4 for Ba ) To 
and Sr. Filter. Neutralize filtrate with (N H4)H0, and add C2(N 11^04^ 



I. Ba Present. Ca Absent. 

Dissolve the carbonate in HCl, and evaporate to 

dryness. Treat the residue with strong alcohol. 

Filter. 

Residue. i Filtrate. 



Ba6l,. 

Confirm by flame test, 
(jreen coloration indi- 
cates Bariuni. 



r. 

Confirm by lighting 
the alcoholic solution. 
Crimson coloration in- 
dicates Strontium. 



TO TEST FOR 

II. Ba Absent. 

Dissolve as before, and 
Filter, and 
Residue. 



SrS04. 

If small, burn the fil- 
ter in the reducing gas 
flame to convert SrS04 
into SrS: moisten with 
HCI, and test in the 
lamp-flame. Crimson 
coloration indicates 

Strontinm. 



ANOTHER 

Dissolve in HNO3, 
ness. Treat with strong 
Residue. 

Sr(lio3)a. 
Confirm as above. 



G. 

strontium, and Calcltun. 

(NH4)2C03, and filter. Wash precipitate with hot H2O, dissolve in HCl, 
Barium; a precipitate after some time indicates Strontium, or a 
another portion of the solution in HCl add HS1SO4, and boil to itemove Ba 
An immediate precipitate indicates Calciunia 



STRONTIUM. 

Ca Present. 

precipitate with H3SO4. 
wash well. 

Filtrate. 

Neutralize the solution 
with (NH4)HO, and 
test with Ca(NH4)204. 
White precipitate indi- 
cates Calcium. 



METHOD. 

and evaporate to dry- 
alcohol. Filter. 
Filtrate. 



Confirm as above. 



III. Ba AND Ca Present. 

Add H3SO4 to the HCl solution (diluted to prevent 
precipitation of Calcium), and filter. 
Rbsidul Filtratb* 



Ca. 

Neutralize the solution 
with (NH4)HO, and 
test with C2(NH4)204 
White precipitate indi- 
cates Calcium. 



Ba SO4, Sr SO4. 

Boil in a beaker 
with a little water, 
together with a mix- 
ture of three parts 
K3SO4 and one part 
KaCOi- Filter, and 
treat residue with 
HNO3. The SrS04 
b dissolved, and the 
BaS04left undissolved. 
(Traces of Ca may be 
found with the Sr.) 



ANOTHER METHOD. 

Dissolve the carbonates in C3H4O2, and pre- 
cipitate the Ba with K3Cr04. Filter. Precipi- 
tate the Sr and Ca by (NH4)3C03, and proceed 
.IS in Method II. (Ba Absent, Ca Present). 



PRACTICAL CHEMISTRY. 
loiu of the MetKlB of the PotAsslam Gronp. 

ee. Melals whose solutions are unprecipitated by 
the preceding group reagents, but which have no 
common precipitant, and are therefore recognized by 
individual tests. 

Hagnesitun, PotKHatun, Anuaoiiiiiin, Sodium. 

Magnesium, Mg, c,w. 24. 

1. NojHPO^ produces, in presence of (NH^JHOand 
NHjCl, a crystalline white precipitate of MgNHjPO^. 
From dilute solutions the precipitation is slow, but may 
be hastened by stirring with a glass rod. The precipi- 
tate is soluble in dilute mineral acids and in CgH^O^, 
but is almost insoluble in dilute solution of (NH4)H0. 

2. {NH,)HO in neutral solutions produces a partial 
precipitation of the hydrate Mg{HO)i, but gives no 
precipitate in presence of NHjCl, in which the hydratt 
is readily soluble. 

3. HjSO„ HjSiFj, and Ca(NH,),04 yield no precj- 

•4. Heated on charcoal in the blow-pipe flame, then 
moistened with CoClg and re-heated, a pink mass is 
obtained. 

BO. Potassium. K, cw. 39'i. 

I. PtCl, produces a crystalline yellow precipitate 
of z KQ -f PtCl,, except in dilute solutions, which arc 
not precipitated. The precipitation is promoted by 
stirring, or by addition of alcohol. 

; Tartaric acid precipitates white crj'stalline hydro- 
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geii potassium tartrate from strong and neutral solu- 
tions. The precipitation is promoted by stirring. 

3. HjSJFj produces a wliite gelatinous precipitate □■ 
KaSiF^. 

* 4. Heated on platinumwire in the non-luminonsilame 
a violet coloration is produced, which when viewed 
through a piece of blue glass appears reddish violet 

91. Ammonium, NH„ c.-w. 18. 

I. PtCI, produces a crystalline yellow precipitate of 
2 NH,CI -f PtCI„ except in dilute solutions, which are 
Dot precipitated. The precipitate is insoluble in alcohol 
and ether, and when ignited leaves a residue of spongy 
platinum. 

a. Tartaric acid produces, in strong solutions, a white 
precipitate of hydrogen ammonium tartrate, similar in 
appearance to the corresponding potassium salt. 

3. Nessler's solution, added to ammonia or its salts, 
produces a yellow coloration, or, if the ammonia com- 
pound be present in large quantity, a brown precipitate. 

* 4. NaHo or KHO solution when warmed with am- 
monia salts decomposes them, and NH3 is evolved, 
which is recognized by its pungent odour, by its turning 
red Utmus paper blue, and by its forming white fumes 
with a strong solution of any volatile acid, e.g. HCl. 

5. Healed on platinum foil, all compounds of am- 
monia volatilize completely. 

Ba. Sodium, Na, c.w. 23, 

The soda salts are almost without exception soluble 
in water, so that the flame test alone serves to distin- 
guish the salts nf this mctnl. 
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^^^^B * I. Heated on platinum foil or wire in the non- 


^^^^^r luminous lamp flame, a.n intense yellow colour is 


■ produced, which, however, is not seen when viewed 


r through blue glass. It is thus possible to distin- 


1 guish potassium salts when mixed with sodium sails. 


1 , TABLE H, 


^^^ GROUP V. 






^^^H The filmic from Ihe Bariuni r.roup is mncEnlralcd hy tvaporaiitin, 
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15£"°fc 


a <siJS 


.;KS?.-> 


solutioo to dry- 
dSr d^oT-e'^t 
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PART IV. 

.1 

REACTIONS OF THE ACIDS. 

94. Grouping of the Acids, 

The acids do not admit of being grouped with the 
same precision as the bases, but they can be approxi- 
mately classified by means of certain group reagents. 
They are divided into two great classes, Inorganic 
and Organic Acids, These are readily distinguished 
by the action of heat. 

Salts of Inorganic Acids when heated to redness 
are not charred ; salts of Organic Adds are at once 
charred, owing to decomposition and consequent sepa- 
ration of carbon.* 

95. Gronpinff of the Inorgranic Acids. 

Group I. (Sulphuric Acid Group). 

Group reagent, BaG2 in presence of HCl. 

Siaphuric Acid, Hydrofloo-silicic Acid. 

The acids of this group are precipitated by BaCl,, 
>snd the precipitate is not dissolved on addition of HCl. 

* With the exception of acetic and formic acids. (See 1&8 aud 129 

H 
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CiROUP 11. (Phosphoric Acid Gkoup). 1 
Group reagent, BaCl,. 

PhOBpIioric, Boric, Oz^lc, Hydrofluoric, Cnrbonlc, 
Slllctc, SulphnroiiH, Hyposulpliitroaa, Arseoioiu, 
~lc, and Cbromic Acidsi 



The acids of this group are precipitated in neutral 
solutions by BaClg. 



Group ill. (Hydrochloric Acid Groui 
Group reagent, AgNOj. 



^ 



Hrdrochloric, Hydrobromlc, HyilrlDdlc, Hydro- 
eynjilc, Hypoehlorona, Nitrona, uid Hydro sulpharie 

The acids of this group are precipitated by AgNOj, 
and not by BaClj. 



Group IV. (Nitric Acid Group). ^H 

Nitric, Chloric, and FercUoric Acida. 

These acids are not precipitated by any reagent, qj 
all (heir salts are soluble in water. 
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itloUBortbelnorcBiiicAcldBbsloiiKlaKtoQroapL 

. Acids precipitated by BaClj in presence of HCL 



Snlpbaiic Acid, Hydroflno-slUclc Actd. 

Sulphuric Acid, H^SOj, cw. 98. 

I. BaClj produces a white precipilale of BaSO^, 
insoluble in HO or HNO3. In very dilute solutions 
the precipitation is not immediate, but on standing 
the solution becomes clouded, and ultimately the pre- 
cipitate subsides. 

*--i. Pb(N03)5 produces a heavy while precipitate of 
PbSO,, soluble in NaHO, and in boiling ilCl {00 
allowing this solution to cool, PbClg crystallijes out). 

3. Fused on charcoal with NajCOa in the reducing 
flame of the blow-pipe, a sulphide is produced. If the 
fused mass be moistened with HCl, the odour of HjS 
is at once perceptible ; or if it be placed on a bright 
piece of silver and moistened with water, a black 
stain of AgjS is produced. As the latter reaction is 
very delicate, care must be taken to use NajCOa per- 
fectly free from NajSO^, and it must be borne in mind 
that other sulphur acids give llie same reaction when I 
heated with Na^COj. 

87. HVUROFLUO-SILICIC ACJD. H,SiF„ e.i7. 144. 

I. BaCl J produces a crystalline precipitate of BaSlpQ, 

insoluble in HCi 



loo PRACTICAL CHEMISTRY. 

1. KCl produces a gelatinous precipitate of KjSiFo. 

3. Heated with sulphuric acid in a plantium or 
leaden crucible covered with a watch-glass, the latter is 
etched owing to the disengagement of HF. 

Reaetionv of tbe Adda beloDKtne to Group II. 

98. Acids precipitated by BaClj in neutral solutions. 

Vhoaplioric, Baric, Oxalic, HydroQaorlc, C^bonlc, 
Silicic, Eulphurous, HyposnlphurouB, ArseniouB, 
Arsenli;, Iodic, and Cbromlc Adds. 

Phosphoric Acid. H^POj, cw. 98. (Ortho-phos- 
phoric Acid.) 

1. BaClj produces a white precipitate of BaHPO„ 
readily soluble in HNOj or HCl, but with dilfi^Ity in 
NHjCl. 

2. MgSO, along with (NH4)H0 and NH4CI, pro- 
duces a white cr>'stalline precipitate of Mg[NHj)POj-|- 
6H2O, insoluble in (N H,)HO, but soluble in HCl,H NO3, 
and acetic acid. In dilute solutions the precipitation 
does not take place till after the lapse of some time, 
)ut is promoted by stirring and gentle warming. 

3. AgNOj produces a yellow precipitate of Ag3p04, 
[ soluble in HNOj, and alio in (NHi)HO. 

4. Lead acetate produces a white precipitate of 
Pb3(PO,)j, soluble in HNO3, but almost insoluble m 

5. Pepcid, in presence of excess of sodium acetate, 
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produces a yellowish precipitate of FeP04, soluble in 
HCl, and in excess of Fe2Cl6, which ought therefore to 
be added drop by drop.* 

* 6. Ammonium molybdate produces in solutions 
made acid with HNO3 a yellow coloration and ulti- 
mately a precipitate. The reaction is hastened by 
warming the mixture. 

The following acids of phosphorus are distinguished 
from each other and from ortho-phosphoric acid by the 
following reactions :— 

Pyrophosphoric Acid, H4P2O7, C.W. 178. 

1. AgNOg produces a white precipitate of Ag4p207, 
soluble in HNO3, and in (NH4)HO. 

2. Albumen gives no precipitate. 

Metaphosphoric Acid. HPO3, C.w. 80. -^j^ 

1. AgNOg produces a white gelatinous Pl^lHRtte 
of AgPOa. ^ 

2. Albumen produces a flocculent white precipitate 
when added to metaphosphoric acid, and the same 
precipitate when added to a solution of a metaphos- 
phate acidified with acetic acid. 

3. ]V|gS O4 + NH4CI + (NH4)H0 produces no pre- 
cipitate. 

* If the test be applied to an acid solution of a phosphate insoluble in 
water {e.g. Cas (P04)2 in HCl), the free acid is first nearly neutralised 
with (NH4)H0, Eodiiim acetate next added, and then Fe2Cl6; after this 
the mixture is boiledJLirhe precipitate, which isof a reddish brown colour, 
contains all the iraVand phosphoric acid : the filtrate contains the base. 
The phosphoric acid can easily be separated from the iron, and obtained 
as a soluble ammooium salt by treating the ferric phosphate with 
(NH4^2S. 4^ 
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69. Boric Acid. B(HO)-, c.w. 62, 

1. BaClj produces a white precipitate of Ba(BO,)j, 
soluble in acids. 

2. AgNOj produces in strong solutions a j'ellowish 
white precipitate. la dilute solutions AgaO is pre- 
cipitated. 

3. HjSOi or HCl, added to hot concentrated solu- 
tions of alkaline borates, produces on cooling a 
crystalline precipitate of B(H0)3. 

*4- If alcohol containing free boric acid be kindled, 
it burns with a green flame, best seen on stirring the 
mixture. Borates may be examined in. this way by 
first adding strong HjSO,, to liberate the B(HO)j. 

5. If the solution of a borate be made distinctly 
acid with HCl, and turmeric paper dipped into it, the 
latter on gende warming acquires a brown tint, which 
is turned blue by caustic soda. 

6. Moistened with HjSO^ and heated in the lamp 
fiaiiie, a green coloration is produced. 

100. Oxalic Acid. CsHjO,, cw. 90. 

1. BaClj produces in neutral solutions a white preci pi- ^^ 
tate of CjOiBa, soluble in HN O3, in HCI.ajid in^HjOj. >' 

2. AgNOa produces a white precipitate of Q04Agj, " . 
soluble in HNOg, and in (NHJHO. 

3. CaClj produces even in dilute solutions a white 
precipitate of C^OjCa, soluble in HNOj, and in HCl, 
but nearly insoluble in (NH^)HO, an* in acetic acid. 
On igniting CaOjCa, a white residue of CaCOa is left, 
wfflth effervesces on the addition of an acid. ^ 

*4. Healed with strong ifeo,, effervescence takn 

i/ui^ 1v-U-Jac^ ;.'.,i'fv'^v •i-\'fM.\ 



% 



•1 *■ 



.J'xMi. 



ft. ■ 




place from the escape of a mixture of CO and CO,, 
and tlie former may be kindled at the mouth of the 
test tube, and will bum with a pale blue flame. No 
blackening of the mixture occurs as in the case of 
organic acids, which yield CO on heating with HaSO,. 
101. HVDROFLUOEIC ACID. HF, C.W. 20. 

1. BaCl] produces a white precipitate of BaFj, 
soluble in HCl, and sparingly in NH4CI. 

2. CaClj produces a gelatinous and almost trans- 
parent precipitate of CaFj, dif^lt to discern in the 
fluid, but made more apparent on addition of (NHjjHO. 
The precipitate is very difficultly soluble in HCl, even 
on boiling, and is nearly insoluble in acetic acid. 

*3, Heated with HjSO^, all fluorides are decomposed 
with evolution of HF, which is recognised by its power 
of etching glass. A very characteristic oily appear- 
ance is noticed whenever a fluoride is warmed with 
HjSOj in a test tube. (See 47-) 

The etching is best done by plaoikg the fluoride in a 
platinum crucible, or small leaden cup, along with strong 
HbSO,, and covering the mouth with a waxed watch- 
glass, convex side downwards, on which a few scratches 
have been made with a needle. The concave side of 
the watch-glass is filled with water to prevent the wax 
on the other side from melting, and the crucible or 
cup is then gently heated. On removing the glass and 
mehing off the wax by gentle wanning, the glass will 
be found etched at the unprotected parts.* 

' lani. and B^SiFs *i!l b= f"""^ "n wlulian. 
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4. Heated with a mixture of borax and HKSO„ on 
a loop of platitium wire in the non-luminous gas flame, ) 
BFj is produced, which momentarily colours the fiarae ' 

loa. Carbonic Acid. HjCOj or H^O + CO^ 
I. BaClj produces in neutral solutions awhile preci' 
pitate of BaCOj, soluble in acids with effervescence. 
* 2. Treated with dilute HCl, all carbonates at once 
evolve COj with effervescence, and if this gas be con- 
ducted into lime-watS^ it produces a turbidity from 
formation of CaCOj. (The experiment may be conve- 
niently performed by placing the carbonate and dilute 
acid in one test tube and the lime-water in another. 
As soon as the CO^ has collected, it may be decanted 
into the lime-water tube — care being taken to pre- 
vent any liquid from being decanted with it — and on 
shaking the latter the lime-water will become turbid.) || 

103. Silicic ACID. Si(HO)„ c.iv. 96. 

1. BaCl, produces a white precipitate of SiBagOy 
which is decomposed on addition of flCl, and Si(H0;4 
separates out as a gelatinous precipitate. 

2. HCl, added drop by drop to a strong solution of 
a silicate, produces a gelatinous precipitate of Si(HO)„ 
but if added to a dilute solution or in large excess, no 
precipitate is obtained until the mixture has been eva- 
porated to dryness and ignited, when SiOj separates 
out, and this is not re-dissolved on addition of HCl. 

3. Fused with NajCO., in a loop of platinum mre in 



TESTS FOR SILICIC ACID. 105 

the non-luminous gas flame, effervescence occurs from 
the disengagement of CO2, and the bead is trans- 
parent on cooling, unless the NagCOs be in excess. 
* 4. Fused with microcosmic salt on a loop of platinum 
wire in the non-luminous gas flame, solution does not 
take place, but the silica floats about on the bead 
undissolved. 

104. The remaining six acids of this group are preci- 
pitated or decomposed by one or other of the group 
reagents for bases, and are therefore precipitated in the 
course of examination for bases, or expelled on the 
addition of HCl. The action of the base group- 
reagents is as follows : — 

H2SO3 decomposed by HCl, with evolution of 

SO2. 
H2S2O3 decomposed by HCl, with evolution of 

SO2 and separation of S. 
H3ASO3 precipitated by HgS as AsgSa (yellow). 
H3ASO4 „ „ „ „ 

HIO3 decomposed by HgS, with formation of 

an iodide and separation of S. 

H2Cr04 precipitated by (NH4)2S as CrgCHO^ 

The following are additional tests for these acids : — 

105. Sulphurous Acid. H2SO3, c.w. 82. 

I. BaClg produces a white precipitate of BaS03, 
soluble in HCl. This solution, on addition of chlorine 
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water, yields a white precipitate of BaSO,, the sulphite 
being oxidized to sulphate. 

2. AgNOj produces a white precipitate of AgiSOj, 
which darkens on heating, from precipitation of Ag. 

* 3. Added to a mixture of zinc and HCl, H^S is pro- 
duced and recognized by its smeli and blackening; 
action on paper moistened with solution of a lead salL 
4. HjS decomposes free HjSOj with separation of 

, 106. ThiosulphuriC (formerly called HypoBul- 
phurous) Acid. HjSjOj, c.w. j 14. 

1. BaCIj produces a white precipitate of BaSjOa, 
soluble in HCl, iviih formation of sulphur as a yellow 

!. HCl, or H5.S04,produces no immediate precipitate, 
but on standing a short time sulphur is precipitated 
(yellow), and simultaneously SOj is evolved. 

3. AgNOa produces a white precipitate of AgflSjOj, 
which rapidly darkens in colour and becomes ulti- 
mately black from formation of AgjS. These changes 
are has ten ed'bv heat 

+ FcjClfl prodlices a reddish coloration, but on 
heating it is decolorized, the ferric being reduced to 
ferrous chloride. 



107. Arsenious Acid, HjAsOj, c.w 126. 
*I. AgNOj produces in neutral solutions a yellow 
precipitate of Ag^AsOj, soluble in (NHjjHO, If no 
precipitate appear at first owing to the solution no! 
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being neutral, add a few drops of a very dilute solu- 
tion of (NH4)H0 until it appears. (See 75, 2.) 

2. MgS04 + NH4CI + (NH4)H0 produce no pre- 
cipitate. 

(See also reactions for Arsenic, 75.) 

108. Arsenic Acid. H3ASO4, c.w. 142. 

* I. AgNOg produces in neutral solutions a light 
brown precipitate of Ag3As04. If necessary, add very 
dilute ammonia, as in the preceding case. 

2. MgS04 + NH4CI + (NH4)H0 produce a white 
precipitate of MgNH4As04. 
(See also reactions for Arsenic, 75.) 

109. Iodic Acid. HIO3, c.w. 176. 

1. BaClg produces a white precipitate of Ba(I03)2, 
soluble in HNO3. 

2. AgNOg produces a white crystalline precipitate 
of AglOg, readily soluble in (NH4)H0, but sparingly 
soluble in HNO3. 

3. SO2 produces at first a precipitate of I, which 
is converted into HI on addition of excess of the 
re-agent. 

* 4. On heating, iodates are decomposed, oxygen 
being evolved, and in some cases iodine is also given 
off in violet vapours. 

110. Chromic Acid. H2Cr04, c.w. 118*2. 

I. BaClg produces a yellow precipitate of BaCr04, 
soluble in HCl and HNO3, but insoluble in acetic acid. 
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3. HjS in presence of HCl reduces the solution to 
Zt.f.\ (green), with separation of S. In neutral solu- 
tions, Cr2(H0)B is precipitated along with S. 

3. SOj reduces solutions of chromates lo the chromic 
salt, the colour of which is green. Chromates are 
likewise reduced by zinc and a dilute acid, by oxalic 
acid and dilute sulphuric acid, by strong HjSOj, by 
strong HCl, and by boiling the solution acidified with 
HCl or H,S04 along with alcohol. 

4, AgNOj produces a dark red precipitate of 
AgaCrO,, soluble in HNO3 and in {NH^HO. 

* 5. Lead acetate produces a bright yellow precipitate 
of PbCrO,, soluble in NaHO, but soluble with diffi- 
culty in dilute HNO3. 

(Sen also reactions for Chromium, 83.) 



KeactlaaB of the Adda lieloitKUiK to Gronp III. 



Hydrochlokic Acid. HCl, c.w. 36'5. 

I. AgNOj produces a white curdy precipitate of 
AgCt, which becomes violet on exposure to light. 
The precipitate is insoluble in HNO3, but soluble in 
(NH^HO, in KCN, in Na,S,0^ and also to some 
exteat in NaCl. 
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*Z. Heated with HjSO, and MnOj, chlorides yield 
chlorine gas, recQsniied by its smell, bleaching action, 
and green colour. 

3. Dry chlorides, when heated in a retort with 
HjSO^ and ^^xf}-,, yield CrOjCl, (chromium oxy- 
chloride), which distiis over into the receiver as a 
dark red liquid, decomposed by addition of water or 
(NHjjHO, yielding a yellow solution, which, on addi- 
tion of alead salt, gives a yellow precipitate of PbCrO^. 

iifl. HYDROBROsnc Acid. HOr, c.w. 81. 

I. AgNOj produces a pale yellow precipitate of 
AgBr, insoluble in dilute HNO3, soluble in strong 
(NH4)HO, and readUy in KCN and NajSjOj. 
* 1. Chlorine passed through a solution of a bromide 
decomposes it with liberation of Br, which dissolves 
in the liquid and colours it yellow. Tf this solution be 
shaken up with ether, the bromine is dissolved by it, 
and the yellow ethereal solution fliiiits above the liquid 
which becomes colourless. If the ethereal solution 
be then separated from the liquid, and NaHO be 
added, the yellow colour disappears, and NaBr and 
NaBrOj are produced. On evaporation and ignition, 
oxygen is evolved and NaBr alone remains, which 
may be tested as in 3. 

3. Heated with HjSO, and MuOj, bromides yield 
red vapours of Br, recognized by its powerful odour, 

4.. Heated in a retort with KjCr^O, and H,SO„ dry 
bromides yield dark red vapours, which condense in 
the receiver to a liquid of the same colour, which 
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of pure bromine, and is decolorized on adding 
;s of (NHiJHO. (Compare Hydrochloric i 
111. 3-) 



n aaamg i 

1 



113. Hydkiodic Acid. HI, c.w. 

1. AgNOj produces & pale yellow precipita 
Agl, insoluble in dilute HNOj, and veiy difficultly 
soluble in (NHj)HO, but readily in KCN and Na^SjOj. 

2. Cuprous sulphate * produces n dirty-while pre- 
cipitate of Cujlj, which separates most completely if 
the solution be made slightly alkaline with NajCOj. 
The reagent produces no precipitate in solutions of 
chlorides or bromides. 

3. KNOj produces no reaction in solutions of iodides 
until a few drops of HCl or HjSO, are added, when 
iodine is at once liberated and colours the solution 
yellow. If a little starch solution be now added, a 
deep blue coloration results from the formation of 
starch iodide. On warming the blue liquid the colour 
disappeajs, but reappears on cooling. The produc- 
tion of blue starch iodide is the most characteristic 
test for iodine. 

* 4. Chlorine water (or the gag) liberates iodine 
from iodides, but excess of CI causes the formation of 
IQ3, which is colourless, and gives no blue coloration 
with starch solution. If therefore chlorine water be 
added drop by drop to a solution of an iodide mixed 
with starch solution, a blue coloi-ation is produced, 
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which disappears on Either addition of the 
agent. 

5. Free iodine (liberated by either of the above 
methods) is dissolved by CSj, forming a violet -colourea 
solution. If then, 3 solution of iodine be shaken up 
with CSj, the latter acquires a violet colour. Chloro- 
fomi may be substituted for CSj. 

6. Heated with MnO, and dilute HjSO,, violet 
vapours of iodine are obtained, which colour paper > 
moistened with starch, blue. 

114. Hydrocvanic Acid. HCN, c,w. 27, 

1. AgNOj produces a white precipitate of AgCN, 
insoluble in HNO3, with difficulty in (NH,)HO, but I 
readily in KCN a:id Na,Si,Oj. AgCN is decomposed | 
on ignition, and metallic Ag remains ; this serves t 
distinguish it from AgCl, which is not decomposed o 
ignition. 

2. If a solution of FeSOj, which has become ox: 
dized by exposure to the air, be added to the solution 
of a cyanide made alkaline with NaHO, a bluish green 
precipitate is formed, which is a mixture of Prussian 
blue with the hydrated oxides of iron. On adding 
HCI, these last are dissolved, and the blue precipitate 

*3. HCI decomposes nearly all cyanides with evo- 
lution of HCN, recognized by its odour, resembling 
bitter almonds. If a cyanide be thus decomposed 
in a small porcelain basin, covered by a similar basin 
on which a drop of (NH,),S, (yellow) adheres, the 
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(NH,)CNS, which gives a 
1 addition of Fe^Clg and 



latter is c 

blood-red coloration i 

HCl. 

Note.— Hg(CN)j cannot be detected by the above 
methods. The diy substance is detected by igniting 
in a small tube, when cyanogen gas is evolved, or the 
solution is decomposed by HjS and filtered from the 
HgS ; the filtrate contains HCN. 



H6, HvpocHLOROUS Acid. HCIO, cw. sz'j. 

1. AgNOj produces a white precipitate of AgCI. 

2. PbCNOjjj produces a while precipitate, which 
changes in colour to red, and ultimately to brown from 
formation of PbO^. 

3. MnClj produces a dark brown precipitate of 
MnOIHOjj. 

4. Indigo and litmus solution are decolorized, espe- 
cially on addition of an acid. 

*S. Dilute acids decompose hypochlorites with evolu- 
tion of CL HNO3 evolves HCIO from hypochlorites. 



lie. Nitrous Acid. HNOj, c.w, 47, 

1. AgNOj produces a white precipitate of AgNOj, 
soluble in a large excess of water. 

2. HjS, in presence of acid, produces a precipitate 
of S, and (NH,)N03 remains in solution. 

* 3. FeSOj, in presence of an acid, produces a black 
coloration from solution of NO in the FeSO,. 
(See also 113, test 3.) 




117. Hydrosulphuric Acid (Sulphuretted Hydro 
gen). HjS, c.w. 34. 

1. AgNOj produces a black precipitate of Ag^S, 
insoluble in dilute acids. 

2. Lead acetate, even when highly dilute, produces 
a black precipitate of PbS. 

3. Sodium nitro-prusside, in presence of NaHO, pro- 
duces a reddisli violet coloration, even in very dilute 
solutions. The colour disappears in a short ti 
*4. HCl or H,S04 decomposes most sulphides with 

evolution of HjS, recognized by its disagreeable odour 
and by its bl.ickening paper moistened with solution 

Reactlans of the Acids belonniug to Group IV. 

118. Acids not precipitated by any reagent. 
I nitric, Chloric, and Perchloric &cLdB. 

-^Nitric Acid, HNO3, c.w. 63. 

I. Nitrates when heated evolve oxygen, and in some 

cases nitrous vapours also. On fusing a nitrate and 

' adding .a fragment of charcoal, vivid deflagration 



-^For the reactions of Nitric Acid, see aa.) 

110. Chloric Acid. HCIO3, c.w. 84-5. 
I. H,SO, decomposes chlorates with evolution of 
I Cl,04, a greenish yellow gas, having a powerful odoui 
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If heated, violent explosions occur ; the miKture oug-hl 
therefore to be kept cold, and only very small quanti- 
ties should be used. 

2. When chlorates are heated, oxygen is evolved 
and a metallic chloride remains, which may be dis- 
solved in water and precipila.ted, as AgCl, by AgNO^ I 
(See 6.) I 

3. Chlorates are reduced by SOj with liberation of ' 
chlorine or its oxides, hence if the solution of a chlorate 
be coloured blue with indigo solution, it is decolorized 
on adding HaSO,and solution of Na„SOj. (Distinction 
from perchlorates). 

•4. HCI decomposes chlorates with evolution of CI 
and C1b04, a mixture called ettchlorine. 

5. Healed with charcoal, chlorates deflagrate vio- 
lently. 



HC10„ C.W. 100-5. 
act upon perchlorates in the cold, 
fumes of HCIO, are given off, but 
(Compare 119, i.) 
1 strong solutions a white precipi- 



Perchloric Acid. 
I. HjSO^doesn 
and on heating whi 

*£ KCl produces 
tatje of KCIO4. 

3. Indigo solution is not decolorized when added to 
perchlorates warmed with HCI, as euchlorine is not 
evolved. 

4. Dry perchlorates evolve oxygen on heating. 

5. Anhydrous pwrchloric acid is a colouriess fuming 
liquid, which explodes with great violence when 
dropped on wood charcoal. (Roscoe.) 

6. Perchlorates are not reduced by SOj. (Compare 
"O, 3-) 
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TABLE J. 
120. Detection of Inorgranic Acids in Miztnres. 

[The following acids are found in the examination for bases, which 
ought always to/r*tr*d5p the examination for acids : — H^O^, HJftJy-ia 
H^COi, H^, Si^HO)i» H^CrO^, H3ASO3, and HsAsOa. 

(a) Acids in Soluble Bodies. 

1. Neutralize a portion of the solution with (NH4) HO and add BaCl, 
(or Ba(N03)2if Ag,Hg2, or Pb be present): precipitate indicates H3SO4 
H3PO4, H3ASO3, H3ASO4, Si(HO)4, HaCr04, (57, CT, T,* and 
large quantities of B(HO)3 and HF. 

To precipitate, add water and then HCl : if a precipitate remain, 
H3SO4 was present. 

2. To another portion of the neutralized solution add AgNOg: n 
precipitate indicates one or more of the following acids : — 

(a) H CI, H Br, H I, H C N, H4Fe (C N)6, H3Fe (C N)6, HaS. 

(3) H3PO4, H3 As O4. H3 A? O3, H2Cr04, Si(HO)4, B(H0)3, Oi, T, nnd 

Ci. To the precipitate add cold dilute HNO3. Acids under (a) are in- 
soluble, those under (6) soluble. * 



* Ux, Ci, and T are contractions for oxalic, citric, and tartaric acids 
(For the further separation of these organic acids, see Table K.) 

1 2 



PRACTICAL CHEMISTRY. 



the methods alicadr given' 



chlorine water till (hi: blue colour 
disappear, Bnd ahalce with chloro- 
form. If this bEcomes reddish 
broivn in colour, the praence of 
HBr i! bdii^ted. HCl is de- 
tected in the presence of the othets 
hy boiUng down the solutioii to 



For HCHbylestj. IIA. 

Far Hi Fe(C Nl^ by tests 3 aot 

lae. 

For H3FeiCN)s,by lEstsaa 



ForHjS. byle! 

aa. 



b byt.^ 



4, 117. 






FQrBrH0)3bylK 
FoiSilK01,,bylP 
ForH,Cr04, byle' 
For H,SOj by tei 



or CO, by test 3, 10a. 
■ur H,S,03 by lesla 3 a 
106, 



t HaOa. by test! I a 
11». 
For Oi and Hf, by CbCI.-I- i 

b?) Aolds in iDBoliible Bodiea. 
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ordinary reagents, the substance must be fused wit^ about foiur times its 
weight of a mixture of NagCOs and K3CO3. When cold, extract the 
fused mass with water, and filter if necessary. The filtrate contains the 
acid, and is neutralized with HCl or HNO3, and examined by the 
methods given under (a). 

The sulphates of barium, strontium, and calcium are decomposed by 
boiling with a concentrated solution of NagCOs. Filter, and examine 
the filtrate for the acid. 

Nitric acid and aqua regia oxidize sulphides to sulphates : hence the 
solution of a sulphide in these acids always contains H2SO4. In such 
cases a separate portion of the substance must be examined for H2SO4 
by boiling with HCl, diluting with water, and then testing with BaCl,. 

Note.— In mixtures of chlorides, bromides, and iodides, or any two 
of them, proceed as follows. Place a small quantity of the mixture in 
a test tube, add water and a few pieces of MnO, * (free from chlorides) 
then one drop only of dilute sulphuric acid and boil : violet vapour indicates 
Iodides. Add another drop of the dilute acid and boil again. 
Proceed in this way till ho more violet vapour is given off. Then add 
about 2 c.c. dilute sulphuric acid and boil : brown vapour indicates 
Bromides. Boil till all bromine is expelled, allow to cool com- 
pletely, add to the residue an equal bulk of strong sulphuric add and 
warm : a green gas indicates Chlorides. Confirm by obsendng 
if a piece of moistened red blotting-paper held in the mouth of 
the tube is bleached. 

* Powdered MnOa produces too much '* bumping" to be used for 
this purpose. 



PRACTICAL CHEMISTRY. 
lai. GROUPING OF THE ORGANIC ACIDS. 

Group I. (Tartaric Acid Group). 
Group reagent, CaCIj. 



: precipitalcd by CaClj 



Acids which a 
or on boiling. 

Group II. (Benzoic Acid Group). 
Group reagent, FejCIj. 

Bensoic and Succinic Adds. 

Acids which are not precipitated by CaClj, but 
which give precipitates with FcaClgin neutral solutions. 

Group III. 
Group reagentj AgNOj. 
r Ferro 'Cyuitc, Perrl-cranLc , Salplia.cyB.iiic, Acetic 



and Formic Acids. 



:ral solul 



Acids precipitated byAgNOj 
ud not by CaClj, or FejCl,,. Acetates and Formates 
ire only precipitated in concentrated solutio 




white pre- 



Tartarlc aad Citric Acids. 

Fibs, tartaric Acid. CjHjOj. 

. CaClj in neutral solutions produc 
cipitate of C4H,CaO„ soluble in acids, and i 
moniacal salts. The precipitate is soluble in KHO, 
but is re-precipitated when the solutioa is boiled, and 
on cooling is re-dissolved. 

*2. KCl produces in solutions containing T in excess 
a wiiite crystalline precipitate of CjHjKOj, soluble in 
mineral acids and alkalies, insoluble in acetic acid. 
The precipitation is promoted by stirring, or by addi- 
tion of alcohol. 

3. Lime-water produces in neutral solutions a white 
precipitate C4H4Ca08 (flocculent at first, afterwards 
crystalline), soluble in tartaric acid and NKjCl, but 
re-precipitated in crystals from these solutions after 
standing some time. 

4, Add to some calcium tartrate which has been 
washed two or three times by decantation (after pour- 
ing off the wash water as completely as possible), a 
dropor twoof (NHi)HO and a crystal of AgNOa, and 
heat the mixture in a test tube. A lustrous mirror of 
silver will deposit on the tube. 

r-S. Heated with strong HjSOu the mixture darkens 
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rapidly from separation of carbon, and SO,, CO, and 

COj are evolved 

^^ Heated to redness, the substance darkens in 

^^ur and gives off the characteristic odour of burnt 

sugar. 

las. CITRIC Acid. CqHjO,. 

I, CaClj produces no precipitate in neutral solutions 
in the cold, but on boiling, Ca3(CaHjO,)j is precipitated, 
and is not soluble in KHO, but soluble in (NHOHO. 
* 2. Lime-water produces no precipitate in cold neutral 
solutions, but on boiling, Ca3(CjH50f)j is precipitated. 

3. AgNOs produces in neutral solutions a white floc- 
culent precipitate of CaHjAgjO,, soluble in (NHJHO : 
this solution does not blacken on boiling. 

4. Heated with strong HeSO„ CO, and CO are 
evolved without any darkening in colour ; on continued 
heating, however, the mixture darkens, and SO3 is 
evolved. 

5. Heated to redness, irritating fumes are given off, 
-readily distinguished from those given off by heating 

e preceding acid. 

lasa. Malic Acid. C^HoOs. 

I. CaCla produces no precipitate in neutral solutions 
in the cold, but upon boiling, CjH^CaO^ separates 
from strong solutions. The precipitate when heated 
with (NHi)HO and AgNOj causes no separation of 
silver. 

■2, Lime-water does not precipitate soludons of malic 
%gd or of malatcs even on boiling. (Compare lfl3, 3.) 



TESTS FOR SUCCINIC ACID. 

• 3. AgNOj produces in neutral soluriona a white 
granular precipitate of C4H,Ag-,0j, which becomes 
grey on boiling. 

4. Heated with strong HjSOt, CO, and CO are 
evolved, the fluid then darkens and SO, is evolved. 

>iip 11. 
IBA. Acids precipitated by FejClj, and not by CaCJy 

Benaolc and Succinic Acid. 

Benzoic Acid. CiHgO,. 

1. FejCIj produces, in neutral solutions, a buff- 
coloured precipitate of ferric benzoate, decomposed by 
(NH,)HO with formation of a more basic benzoate 
and ammonium benzoate. Ferric benzoate is soluble 
in HCl with liberation of benzoic acid. 

2. Heated with H,SOj benzoic acid does not 
blacken. 

*3, Heated in an open tube, the acid sublimeis in 
needle-shaped crystals, and an irritating vapour is 
given off. When kindled, the crystals bum witi a 
smoky flame. 

las. Succinic Acid. C,H(,0,. 

I. FejClg produces, in neutral solutions, a reddish 
brown bulky precipitate of ferric succinate, soluble in 
mineral acids, and decomposed by (NH,)HO in a 
similar manner to fenic benzoate. 
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2. Lead acetate produces a white precipitate of leac" 
succinate, soluble in excess of the reagent and in 
HNOj. 

*3. BaClj, in presence of (NHi)HO and alcohol, pro- 
duces a white precipitate of barium succinate ; this 
reaction serves to distinguish this acid from benzoic, 
which does not give a similar precipitate. 

4. Heated in an open tube, the acid sublimes in fine 
needles ; and when kindled, the crystals bum with a 
bluish but not smoky flame. 

BaactioiiB of the Aclda belongliii: to Group III 



Feero-cvanic Acid. H^Fc(CN)g, 

i.AgNOj produces a white precipitate of Ag(Fe(CN)^ 
insoluble in dilute HNOj and in (NH^jHO, but soluble 
in KCN. 

*2. Cu.S04 produces a reddish brown precipitate of 
CuiFe(CN)„. 

3. Fe^Clj produces a deep blue precipilote of Prus- 
sian blue, insoluble in dilute mineral acids, soluble in 
oxalic acid, and decomposed by NaHO with separa- 
tion of Fe2(HO)o. 

4. FeSOj gives a light blue precipitate, which rapidly 
darkens In colour by oxidation. 



127. Ferri -CYANIC Acid. H3Fe(CN)B. 

1. AgNOj produces an orange-coloured precipitate 
of Ag3Fe(CN)a, insoluble in dilute HNOj, soluble in 
(NH4)H0 and KCN, 

* 2. FeSOj produces a blue precipitate of Fe3Fe/CN)ti 
(Tumbull's blue), insoluble in acids, but decomposed 
by alkalies. 

3. FejClg produces no precipitate, but alters the 
colour to a greenish brown. 

laTa. SULPHO-CYANIC ACID. H(CN)S. 

1. AgNOj produces a white curdy precipitate of 
Ag(CN)S insoluble in dilute acids but soluble in 
(NH4)H0, and in solution of K(CN)S. From the 
solution in (NHJHO it crystaliies in shining scales. 

2. CuSO, produces in strong solutions 3. black 
crystalline precipitate of CuCCN)jSj wliich changes on 
standing to the cuprous salt Cuj(CN),5a which is white. 
This change takes place at once by the addition of 
reducing agents (e.^. SOj or FeSOJ to the cupric salt, 

* 3, FcjCla produces a blood-red coloration from 
formation of a soluble sulpho-cyanate of iroa The 
colour is destroyed by addition of alkalies, by HgCl, 
and by many acids (i.g. HNO„ HjPO,, HjCjOj, 
HIO3), but not by HQ even when concentrated. 

13B. Acetic Acid, CjHjOj. 

I. AgNOj produces, in neutral solutions, a white 
crystalline precipitate of CjHjAgOj, soluble in 
NJ1,)H0 and in hot water. 
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. FcjCI), in neutral solutions, produces a deep red 
coloration. On boiling, all the iron separates as a light 
brown precipitate of basic acetate, and the fluid be- 
comes colourless. 

*3. A strong solution heated with HjSo, and alcohol 
yields acetic ether, recognized by its characteristic and 
pleasant odour. 

IS9. Formic Acid. CHj^Oj. 

1. AgNOj produces, in neutral concenfraUd solu- 
tions, a white precipitate of CHAgOj, which rapidly 
darkens, especially on heating, owing to separation of 
Ag. 

2. FcjCIb produces a similar reaction with formates 

*3. Hg(NOj), produces a white precipitate of the 
fonnate of mercury, which, however, soon becomes 



grey from separation of Hg. 
*4. Cold strong H.^SOj c 



i strong H,jS04 decomposes formates with 
effervescence, CO being evolved. On heating, the gas 
comes off rapidly, and if lighted, burns with a blue 

130. Higher fatty add. 

Stearic Acid. CsHsjO^ 

1. Heated with alkalies, a soap is formed. If mutton 
fat (which contains the acid combined with glycerine) 
be heated with NaHO sodium stearate is formed, which 
dissolves in warm water and the glycerine separates. 
Soaps are decomposed by acids, which unite with the 
base, and the fat separates and may be dissolved in 
alcohol. From this solution thefatcryslalliiesiiineedles. 

130II. Carbolic Acid or Phenol. CjH5(H0). 

1. Bromine water gives a yellowish white precipitate 
(Tribro mo-phenol) even in dilute solutions. 

2. Ferric chloride produces a violet coloration. 

3. Heated with ammonia and a drop of sodium 
hypochlorite, a deep blue colour is produced, which 
becomes red on addition of acids. 



TESTS FOR MORPHINE. 

130b. Salicylic Acid. C^HeOs. 

1. Heated with lime, phenol is evolved, easily recog- 
nized by its smell (like tar). 

2. Ferric chloride produces even in very dilute 
solutions a deep violet colour' which disappears on 
addition of acids or alkalies. 

3. Bromine water gives a white precipitate. (Com- 
pare 130a I.) 



131, Morphine. CijHibNO, (Opium),* 

1. KHO and (NHi)HO precipitate morphia from its 
salts, readily soluble in excess of KHO, less readily in 
excess of {NH,)HO. 

2. Concentrated HNOj, added to powdered morphia 
or its salts, produces an orange red coloration, changing 
afterwards to yellow. The reaction is best seen on a 
porcelain crucible lid. Addition of SnCljOrof NajSjOj 
destroys the colour. 

3. A neutral solution of Fe^Clj produces, when added 
to morphia {either in the dry state or in soltition), a 
deep blue colour. 

4. HIO[, when added either to free or combined 
morphia, is decomposed with liberation of I, which 
coluors the liquid brown. Sia.rched paper added to the 
solution becomes blue. Addition of (NHJHO deepens 
the brown colour. 

S' HjSOj produces no coloration with morphia or 
its salts, but on adding a crystal of KjCrjO, a. bright 
green colour is produced. 

laa. Meconic Acid, C/HjO, (Opium). 

I. FejClj produces a deep red coloration, which does 
not alter on boiling (like ferric acetate), nor on treat- 
ment with HgClj (like iron sulphocyanide). 
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2. Lead acetate produc 
meconate, insoluble in ac 

Opium Solutions : — 

Opium contains both morphia and meconic acid ; 
hence, in examining solutions of opium, the reactions of 
both cliese substances are obtained. The reaction of 
FcjCle with meconic acid is highly characteristic, and 
as meconic acid only occurs in opium, its detection in 
solulions of opium serves as an indirect indication of 
the presence of morphia. The two substances are 
separated by precipitating with lead acetate in pre- 
sence of acetic acid, and filtering from the lead 
meconate obtained. The filtrate contains acetate of 
morphia. If the lead meconate be washed thoroughly 
and then suspended in water and H^S passed through, 
PbS is precipitated, and meconic acid remains in solu- 
tion and may be obtained in crystals by evaporation. 

133. STavCHNlNE. CjiH^^NjOa {Strychnos nux 
vomica and SL Ignatius' bean), 

1. Strong pure H2SO4 dissolves strychnine without 
any discoloration of the solution, even when heated to 
100° C This solution produces certain characteristic 
colours, with the following reagents ; — 

(a) PbOj, blue coloration, changing to violet, then 
ted, and finally yellow, 

(i) KjCrjOy, blue coloration, changing soon to yel- 
lowish red. 

(c) K^¥e{CN)^ violet coloration, changing less 
quickly. 
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(rf) MnOju violet coloration changing to dark red. 

2. Strong HNO3 dissolves strychnine without dis- 
coloration unless heated, when the solution becomes 
yellow. 

3. The taste of strychnine is intensely bitter, and is 
perceptible even in very dilute solutions. 

4. Strychnine, when taken in poisonous doses, pro- 
duces tetanic convulsions. A most characteristic test, 
founded on this property, consists in injecting a trace 
of strychnine under the skin of a young frog, which is 
soon seized with tetanic convulsions, the body becomes 
rigid and arched, and the animal soon dies. 

13*. Brucine. CjjHjjNjOj + 4 HjO (Strychnos 
nux vomica and SL Ignatius' bean). 

1. HNO3, when added to brucincj dissolves It, and 
produces an intense red coloration, which becomes 
yellow on healing. If SnClj, NajSjO^ or (NHJ.S be 
then added, the colour changes to violet. (Compare 
corresponding reaction with Morphia, 131, 2.) 

135. Quinine. CjoHjjNjOj (Cinchona Bark). 

1. Chlorine water, when added to an acid solution 
of quinine or its salts, produces no coloration until 
(NHi)HO is added, when a bright green colour is pro- 
duced. If K4Fe(CN)o be added before the {NH,)HO, 
a red coloration is produced, soon changing to dirly 
brown, 

2. KHO or (NH4)H0 produces, in solutions of qui- 
nine salts, a white amorphous precipitate of quinine, 



138 PRACTICAL CHEMISTRY. 

which, on standing, becomes crystalline. The preciirt- 
tate is scarcely soluble in KHO, but slightly soluble 
in (NHi)HO. If a mixture of a quinine solution and 
(NH4)H0 be shaken up with ether, the precipitated 
quinine is dissolved, [Compare test 2 for Cinchonine, 
I3S.) 

3. Solutions of quinine or its salts are fluorescent 
in a high degree, and possess an extremely bitter 
taste. 

130. CiNCHONiNK Ca,H„NjO (Cinchona Bark). 

1.- Chlorine water produces no coloration, even on 
addition of (NHi)HO, which produces a yellowish 
precipitate. 

2. KHO or {NH^)HO produces, in solutions of ciu- 
chonine salts, a white amorphous precipitate of cin- 
chonine, insoluble in excess, and not dissolved when 
shaken up with ether. (Compare test 2 for Quinine, 
13S.) 

3. Solutions of cinchonine have a bitter taste and an 
alkaline reaction. The salts are less soluble in water 
and alcohol than those of quinine. 

137. Uric Acid. CbHiN^Oj (Urine). 

1. HNO3 dissolves uric acid with cfTervescence, and 
the solution when evaporated to dryness and moistened 
with [NH4)H0 assumes a bright purple colour (m 
exide). 

2, Na,COj solution dissolves uric acid. If thissolu. 
tion be placed on paper moistened with AgNOj 5o1u< 
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138. Urea. CH,NjO (Urine). 

1. HNO3, when added to solutions of urea, unites 
with it, forming the nitrate, which separates out In 
crystalline plates, which are tolerably soluble in hot 
water and alcohol, but nearly insoluble in HNO3. 

2. KHO added to urea decomposes it on heating, 
and NHj is evolved. 

3. Hg(N03), produces a white precipitate of vari- 
able composition. 

4. HNO3 decomposes urea at once into COj, HjO, 
andN. CH,NjO+2 HNOj = CO, + 4 N + 3 H,0. 

5. When chlorine is passed into an aqueous solu- 
tion of urea the following reaction takes place — 
CHjN,0 + 6 CI + H,0 - COa + 2 N i- 6 HCl. 

13a. Cholesterine. CjoHhO (Biliary Calculi). 

1, KHO does not saponify cholesterine, ahhough in 
many of its properties it resembles oils and fats. 

2. Boiling alcohol dissolves cholesterine, and on 
cooling it cryst^illizes out in colourless plates. 

I40. Crape Sugar. CsHi^Oe (Fruit, Honey, Dia- 
betic Urine, &c.). 

I. HjSO, forms with grape sugar a definite com- 
pound of a yellow colour. No charring occurs aa in 
the case of cane sugar, 

Y Solution of gr.ipe sugar, when mixt'tl with a few 
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drops of CuSOj and excess of KHO, produces on 
boiling a red precipitate (CUjO), caused by the re- 
ducing action of the grape sugar. Solution of cane , 
sugar docs not give this reaction until boiled witb. a 
single drop of HjSO^, which converts it into grape I 
sub'ar. 

3. An aqueous solution of grape sugar when mixed ' 
with yeast and kept at a temperature of 27" undergoes 
fermentation, and COj is evolved. The mixture is 
placed in a test tube provided with a conducting tube 
which dips into iinie water ; over these a bell jar is 
placed (to prevent absorption of CO, from the air) and 
the apparatus kept for some hours at the necessary 
temperature. Turbidity in the lime water indicates 
the presence of grape sugar. (As COj is sometimes 
given off by the yeast itself, it must be carefully tested 
before use in the manner descrihed.) 

l«i. Albumin (White of Egg). 

1. Boihng water causes albumin to coagulate and it 
becomes at the same time insoluble, so that if a solu- 
tion in cold water be heated, coagulation at once takes 

2. HgClj coagulates albumin, even when present in 
exceedingly small quantities. Coagulation also takes 
place with solutions of other salts, e.g. CuS04, SnCl,^ 
AgNOy 

3. Most acids precipitate albumin from its solutions. 
HNOj acts most readily, and is therefore used to 
delect the presence of dissolved albumin. Acetic, 
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tartaric, and ortho-phosphoric acids do iiol coagutale 
albumin, except in very concentrated solutions. 

Casein (Milk and Cheesej. 

1, Casein is insoluble Jo water, but is kept in solu- 
tion in milk by a small quantity of free alkali. Such 
a solution does not coagulate by heat, but a film fomis 
on its surface when heated. If this film be removed 
another forms in its place. 

2, All acids (except carbonic) precipitate casein 
from its solutions ; the precipitate is soluble in excess 
of the reagent, 

3, Infusion of rennet (the inner membrane of tlie 
stomach of a calf) coagulates casein completely. 



i«3. Tannic Acid. Cj,HjjO„ (Gall-nuts). 

1. Solution of gelatin (isinglass) produces a yellowish 
ftocculent precipitate. A piece of animal membrane 
gives the same precipitate. 

2. Fe.jCij produces a dark bluish black precipitate 
(ink). 

14*. Gallic Acid. CtHjOe. (Gall-nuts). 

I. Solution of gelatin produces no precipitate. 

a. Fe,CIj produces in neutral solutions a tiluish 
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145, Detection of Carbom, Hydrogen, Nitro- 
gen, Chlorine, Sulphur and Phosphorus, in 
Organic Bodies :— 

(dt) Carbon. — Mix the substance intimately with 
powdered CuO, place in a hard glass tube, fill up with 
small pieces of CuO, and close the tube with a cork, 
through which a conducting tube passes into a flask 
containing clear lime-water. On heating, the carbon 
is oxidized to CO2, which renders the lime-water 
turbid. Organic liquids are examined in a similar way ; 
they are placed in a small bulb tube which is placed 
inside a hard glass tube and gently heated as soon as 
the CuO in front is red-hot. In this way the vapour 
passes over the CuO, and CO2 is produced. 

{p) Hydrogen. — Proceed as in a (taking care to 
use perfectly dry CuO), but connect the conducting 
tube with a weighed CaCl2 tube. Heat the hard glass 
tube as before, and then weigh the CaClg tube. Gain 
in weight indicates that water has been formed by the 
oxidation of the hydrogen in the substance. When 
much water is present, it is visible in the bulb of the 
CaCl2 tube. 

(c) Nitrogen. — Mix the substance intimately with 
powdered soda-lime, and observe if NH3 is given off 
on heating. Ascertain this by the smell and by the 
action on red litmus paper. 

(^) Chlorine. — Mix the substance intimately with 
quick-lime (free from chlorine), place the mixture in a 
test tube, and heat to redness. Extract the residue 
with water, filter, and add solution of AgNOj to the 



rapounds may be tested by 
re of pure solid KHO and 
when cold is dissolved in 
1 the usual way 
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filtrate, Uy this means organic chlorine compounds, 
which are not precipitated by solution of AgNOj, are 
decomposed, the chlorine uniting with the calcium to 
form CaClj. 

if) Sulphur.— Solid c 
fusing them with a mixt 
KNO3. The fused mass 
water, acidified with HCl and t 
with solution of BaCV 

Liquids are gently heated with strong HNOj, oc 
with a mijcture of HCl and HCiOa, the solution is then 
diluted and tested with BaCl^ 

(/) Phosphorus. — Fuse the substance as in (*) 
with a mixture of KHO and KNO3, or heat it with 
strong HNO3, Add water and test as in 98, z, 5, or 6. 

Phosphorus may also be detected by slightly 
charring the substance and proceeding as in eo. 

148, Detection of METALS in Presence of 
Organic Matter r — 

The reactions given for the various metals are not 
reliable in presence of organic maltf 
such as arsenic, lead, mercury, &c., ii 
ing have frequently to be detected when mixed 1 
organic matter, it is necessary to state the methods 
which are used for this purpose. 

Method A. — By means of dialysis. 

Add a iittle arsenicms acid or some corrosive sub- 
limate to some minced meat (to represent the organic 
matter, such as stomach, liver, &c., of an actual poison- 
ing case), stir this in about 200 c.c. of distilled water 
and add a IJllle pure hvdrocbloric acid. Place ihia 



r, and as metals 
s of poison- 
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mixture on a dialyser and float it in a litre of water 
contained ia a porcelain basin. After the lapse of 
twenty-four hours concenttale the contents of the 
basin on a water-bath, precipitate the arsenic or 
mercury by sulphuretted hydrogen, and confirm their 
presence by the tests already given. 

This method may be applied to the separation from 
organic matter of any crystalloid substance whether 
inorganic or organic 

Method B.— By destroying the organic matter. 

Place a similar mixture of meat with some metallic 
poison in a porcelain basin, add an equal bulk of strong ! 
pure hydrochloric acid, and warm on the water-bath, J 
adding from time to time a lew crystals of potassium 4 
chlorate and replacing the water removed by evapora- \ 
tion. Continue in this way until the organic matter J 
has completely disappeared, heat to expel chlorine, 
filler, pass sulphuretted hydrogen through the warm 
solution, and test the precipitate by the reactions 
previously given. 

Method C.^Separation of arsenic from organic 

Place a mixture of meat and arsenious acid in it 
glass retort, add some rock salt and pure sulphuric i 
a.cid in quantity insufficient to decompose all the salL ' 
Heat the retort and collect the distillate in a receiver 
kept very cold. The arsenic present is converted by 
this treatment into trichloride, which being voiatilfi 
passes into the receiver, and may be precipitated 
with sulphuretted hydrogen or recognised by oth« 
tests for arsenic. 
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PART V. 

REACTIONS OP THE RARE METALS. 

147. The following rare metals are considered here 
by themselves, and their position in the various groups 
indicated. For their separation from each other and 
from the commonly occurring metals, a larger manual 
must be consulted. 

Tungsten, Thallium, Palladium, Rhodium, Os- 
mium, Ruthenium, Gold, Platinum, Iridium, Molyb- 
denum, Selenium,* Tellurium, Uranium, Indium, 
Beryllium, Zirconium, Cerium, Lanthanum, Didy- 
mium, Titanium, Tantallum, Vanadium, Lithium, 
Cissium, Rubidium. 

* Selenium, although a metalloid, is conveniently included here. 
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Groupins: of the Rare Metals. 

148. Precipitated in Silver Group. 
Tungsten (as Tungstic Acid), Thallium (as Cliloridc). 

Precipitated in Copper Group. 
Palladium, Rhodium, Osmium, Ruthenium. 

Precipitated in Arsenic Group. 

Gold, Platinum, Iridium, Molybdenum, Tellurium, 
Selenium. 

Precipitated in Iron Group. 

Uranium, Indium (Thallium), as sulphides ; Beryl- 
lium, Zirconium, Cerium, Lanthanum, Didymium, 
Titanium, Tantalum, us hydrated oxides. 

Precipitated as Sulphides on adding HCl to 

THE filtrate FROM THE IRON GROUP. 
Vanadium (Tungsten). 

Found in Potassium Group. 
Lithium, Caesium, Rubidium. 
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Remctlons of tlie Hare Hetala of tlie Sliver Group, 

149. Tungsten. W, c.w. 184. 

1. HCl produces a white precipitate of Tunt;stic 
acid HaWOi, insoluble in excess, but soluble in 
(NHj5H0. HjSO, or HNO3 produces the same pre- 

2. (NHjljS does not precipitate tungstates of the 
alkalies, until an acid be added, when tungsten tri- 
sulphide WS3 is precipitated as a light brown powder, 

3. KtFe(CN)B in acid solutions yields a reddish 
brown coloration, and on standing, a precipitate of the 

4. SnClj produces a yellow precipitate. On adding 
HCl and heating, the precipitate becomes blue. 

5. Zn in presence of phosphoric acid produces a 
bright blue colour. 

6. With microcosmic.salt in the reducing flame a 
blue bead is obtained, which changes to red on heating 
vvith FeSOi- 

150. Thallium. T1, c.w. 203'5, 

1, HCl in strong solutions produces a white precipi- 
tate of TlCl, soluble in a large quantity of water. 

2, (NH4)jS produces a black precipitate of Ti^S, 
insoluble in (NH,)HO, but soluble in HCl, il^SQ^, 
and HNO3. 

3, KI precipitates Tl I (yellow) even in dilute solu- 

4, PtCli precipitates a double chloride of thallium 
and potassium Tl^PtClo of an orange colour. 
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5 Zn added to thalliom solutions preripkates the I 
6. Thallium sails colour the lamp flame intensely 



Keactiona of the Rare Metals of tbe Copper Gro 

isi. Palladium. Pd, c.w. id6-6. 

1. HjS precipitates PdS as a biack powder, ii 
luble in (NH,)uS, and soluble in boiling HCl and | 
aqua regia. 

2. Hg(CN)j precipitates palladium cyanide, Pd(CN)e 
yellowish while and gelatinous, soluble in {NH4)H0 ] 
and in HCl. 

3. KI produces a black precipitate of Pdlj. 

4. KCl in strong solutions precipitates KjPdCla in ' 
yellow needles, insoluble in absolute alcohol, but J 
soluble in water, forming a dark-red fluid. 

153. Rhodium. Rh, c.w. io4-2. 

I. HjS precipitates Rh^S^ (brown), especially in 
warm solutions ; it is insoluble in {NH,)3S, bat soluble 
m hot HNOj. 

3. KHO produces a yellowish precipitate of Rh{HO), 
H5O, soluble in excess of the reagent ; on boiling the 
solution, brown Rh(HO)3 is precipitated. 

3. Zn produces a precipitate of metallic rhodium. 

4. Dry compounds when ignited in a current of hy- 
drogen are reduced to metal, insoluble in aqua regia, 

It soluble on fusing with HKSO^. 
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153. Osmium Os,c.w. 199*1. 

1. HgS in presence of acid precipitates OsS (brown- 
ish black), insoluble in (NH4)2S. 

2. OSO4 (osmic acid) decolorizes indigo solution. 

3. KI is decomposed with liberation of iodine. 

4. NagSOa yields a violet coloration, and after a time 
OsSOg (deep blue) separates out. 

5. FeS04 precipitates black OsOg. 

6. Zn in presence of acids precipitates the metal. 

7. Dry compounds when ignited in a current of hy- 
drogen are reduced to metal. 

8. The metal and the mono- and di-oxides, when 
heated in air, yield OSO4, which is recognized by its 
peculiar instating smell (resembling chlorine). This 
is an exceedingly characteristic reaction. 

154. Ruthenium. Ru, c.w. 104-4. 

1. HgS produces no immediate precipitate, but on 
standing, the solution turns blue, and brown RugSg is 
precipitated. 

2. (N 114)28 precipitates RU2S3, difficultly soluble in 
excess. 

3. KHO precipitates black sesquioxide Ru(HO)3, 
insoluble in excess, but soluble in acids. 

4. KCNS in pure solutions produces on standing, a 
red coloration, which becomes first purple, and then 
on heating violet 

5. Zn produce3 a blue coloration, and ultimately the 
metal separates out. 
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Reactions of the Bare Metala or tlie Arseakc Groap 

155. Gold, Au, c,w. rgy. 

1. H2S produces in cold solutions black AuiiSj, in 
hoi solutions brown AujS. Both precipitates are in- 
soluble in HNO3 and in HO, but dissolve in aqua 
regia. Thej" dissolve in yellow, but not in colourless 
ainmoniuiii sulphide. 

3. (NH,}2S produces a black precipitate of Au^Sj. 

3. (NHJHO in strong solutions precipitates ammo- 
nium aurate (fulminating gold). 

4. FeSO, produces a precipitate of the meta], as a 
brown powder, which, when rubbed, assumes a yellow 
colour and metallic lustre, 

5. KNOj also produces a precipitate of the metal. 

6. SnClj + SnCl, produce a purplish precipitate 
(purple of Cassius) even in highly dilute solutions ; the 
precipitate is insoluble in HCl, 

7. Heated on charcoal with NajCOj before the blow- 
pipe, malleable yelloiv beads of Uie metal are ob- 
tained. (See also Hame reaction, se,) 

156. Platinum, Pt, c.w, ig^'j. 

\. HjS produces in cold solutions on standing, brown 
FlSj ; on heating, the precipitate forms at once. It is 
soluble in a large excess of yellow ammonium sulphide ; 
it is insoluble in HCl and in HNOj, but soluble in 
aqua regia. 

, (NH4)jS produces the same precipitate as H,S. 



Ua 
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3. KH(Cl produces a yellow crystalline precipitate 
of (NHjJiPtClj, more sparingly soluble in alcohol than 
in water. On heating the dried precipitatCj metailic 
platinum is left in a finely divided state. 

4. KCl produces a yellow crystalline precipitate of 
KjiPtClj, also more insoluble in alcohol than in water. 
On heating the dried precipitate, a mixture of Pt and 
KCl is obtained. 

5. SnCIj produces no precipitate, but, in solutions 
containing HCl in excess, yields a dark brown colora- 
tion due to the formation of dichloride. 

6. FeSO, on long- continued boiling produces a pre- 
cipitate of the metal. 

7. Fused on charcoal with Na^COj before the 
blow-pipe flame, yields the metal as an infusible grey 
powder. (See also flame reaction, 50.) 



157. iRIDyUM. Ir, c.w, 198. 

1. HjS first removes the colour and sulphur sepa- 
rates out ; afterwards brown iridium sulphide is pre- 
cipitated. 

2. (NH,)jS produces the same precipitate, soluble 

3. KCl produces a dark brown precipitate of KjIrClj, 
insoluble in a concentrated solution of the reagent. 

4. NHjCl produces a dark red precipitate of (NH,), 
IrCl^ 

5. FeS04 decolorizes solutions of iridium, but pro- 
duces no precipitate. 

6. Zn precipitates the metal a? a black powder. 



TESTS FOR MOLYBDENUM. 

Mo, c 



M3 



158. Molybdenum. Mo, cw. 96. 

1. H,S precipitates in warm solutions, after some 
lime, brownish black MoSj, soluble in (NH4)jS. 

z. Zn, in acid solutions, produces a blue coloration, 
which changes to green, ard lastly to black, when 
MojO^ separates out. 

3. KCNS, when added to an HCl solution, produces 
on addition of Zn a crimson coloration, 

4. NajHPO( produces, in a nifric acid solution of 
ammonium molybdate, a yellow precipitate (in dilute 
solutions only after the lapse of some time). The pre- 
cipitation is aided by genlle heating. 

159. Tellurium, Te, cw. izB. 

1. HjS produces, in presence of acid, a brown pre- 
cipLtate of TeSj, easily soluble in (NHJsS. 

2. H;f I produces a white precipitate of HjTeOj. 

3. KHO or NajCOj, when added to an HCl solu- 
tion, produces a white precipitate of HjTeOa, soluble 
in excess of either reagent. 

4. Na,S03 or SnClj produces a black precipitate of 
the moral. 

5. Zn precipitates the metal as a black powder. 

6. Fused with NagCOj, yields Na,Te, which, on 
treatment with HCl, yields HjTe, recognized by its 
very disagreeable odour. 

i«e. Selenium. Se,c,w. 79-5. 

[. H[S produces, in presence of acid, a yellow pre- 
cipitate of doubtful composition, which darkens in 
colour on heating, and is soluble in (NH'4)jS. 



144 



PRACTICAL CHEMISTRY. 

white precipitate of BaSe, 



in acid solutio 



2. BaClj prodi 
soluble in HCL 

3. SOj and SnClj prodi 
precipitate of Se. 

4. Heated in the reducing flamE on charcoal, sell 
compounds yield a highly characteristic smell, r 
bling that of horse-radish. 



ReacUona of tlie Bai 



KetalB at tHe 1 



lei. Uranium. U, c.w. 130. 

r. (NH4)2S produces a brown precipitate of OKysuI- 
phide, soluble in colourless ammonium sulphide to a 
black liquid. 

2. Alkalies produce a yellow precipitate of hydrated 
oxide, insoluble in excess of the reagent. 

3. {NH4)jC03 produces a precipitate of the double 
carbonate of uranium and ammonium, soluble in excess 
of the reag^ent. 

4. BaCOa produces a precipitate of hydrated oxide 
in cold solutions. 

5. KiFe(CN)G produces a reddish brown precipitate, 

6. Fused with borax in the reducing flame, uranium 
compounds yield pale green beads, 

isa. Indium. In, c.w. ii3'4. 

I. (NH,}jS, in presence of (NH,)HO and tartaric acid, 
produces a white precipitate, which turns yellow on 
addition of acetic acid. 
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3. Alkalies produce a precipitate of the hydrate, in- 
soluble in excess of the reagent. 

3. Alkaline carbonates precipitate the carbonate, 
soluble in excess of (NHjljCOa, but not in excess of 
KjCO, or NajCO^. 

4. BaCOj precipitates solutions of indiurn com- 
pletely. 

5. K,Fe(CN)a produces a white precipitate. 

6. Zn precipitates the metal in shining plates. 

7. Heated with NajCOj in the reducing blow-pipe 
flame, metallic beads are obtained. 

8. Indium compounds impart a bluish violet tinge 
to the flame, 

1S3. Beryllium. Be, c.w. 9'3. 

I. {NH,)jS precipitates the hydrate (flocculent) like 
alumina in appearance, but differs from it in dis- 
solving on continued boiUng with NHjCl. BerjUium 
chloride is formed and ammonia is driven off. 

3. KHO precipitates the hydrate, soluble in excess. 
If this solution be diluted and well boiled, the beryl- 
lium hydrate is re-precipitated. 

3. NajCOj precipitates the carbonate (white), soluble 
in a large excess. 

4. (NHjJaCOj precipitates the carbonate (white), 
easily soluble in excess of the reagent. 

5. UaCOg in cold solutions precipitates the beryl- 
lium completely. 

164. Zirconium. Zr, c.w. So^e. 
^■1. (NH,)jS produces a precipitate of hjdrale. in- 
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soluble in excess. KHO and (NH4)H0 produce the 

same precipitate, insoluble in excess of these reagents. 

3. Alkaline carbonates precipitate tlie carbonate as 

a flocculent powder, soluble in a targe excess of KjCOj 

of (NHjjjCOj. From this latter 

IS re-precipitated on boiling. 

precipitate zirconium completely, 



and in a small 
solution the hydri 
3. BaCOjdoes 
even on boiling. 



isa. Cerium, Ce, c.w. 92-2, 

1. (NHJHO produces a precipitate of a basic salt, 
insoluble in excess. 

2. KHO produces a precipitate of the white hydrate, 
insoluble in excess of the reagent. The precipitate 
becomes yellow on exposure to the air, 

3. (NH4I2CO3 produces a white precipitate, soluble 
in excess of the reagent 

4. CaH204 precipitates cerous oxalate, insoluble in 
excess, but soluble in HCl. 

5. EaCOj precipitates cerium completely after the 
lapse of some time. 

6. Chlorine, passed through a solution mixed with 
sodium acetate, precipitates the peroxide (light yellow). 

lee. Lanthanum. La, c.w. 92-9. 

1. (NH,)HO produces a precipilate of a basic salt. 

2. KHO precipitates the hydrate (white), which docs 
not alter on exposure to air, 

3. {NHJ,COj produces a precipitate, insoluble in 
excess of the reagent. 



I 

ms, bu 
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167. DiDYMiuM. D, c.w. 95. 

1. (NH^)HO produces a precipitale of a basic salt, 
insoluble in excess of the reagent, but sparingly soluble 
in NHjCl. 

2. KHO precipitates the hydrate (white), which does 
not alter on exposure to air, 

3- (NH,)2C0j produces a white precipitate, insoluble 
in excess of the reagent, but soluble in NHjCl, 

4- CjHjOj produces an almost coniplete precipitation 
of the oxalate, soluble in hot HCl. 

5, Fused with microcosmic salt in the reducing 
flame, a reddish violet bead is obtained. 

6. Fused with carbonate of soda in the oxidiring 
flame, grej'ish white heads are obtained. 

188. Titanium, Ti, c.w. jo- 

I. (NH4)H0 or (NH,),S precipitates H^TiOj C^- 
tanic acid), insoluble in excess of either reagent 

a. KHO also precipitates HjTiOj, insoluble in 

3- BaCOj produces the same precipitate. 

4. NajSgOj when boiled with titanium solutions pm- ] 
cipitates them completely. 

5. Zn produces, first a blue coloration, then a blue I 
precipitate, which ultimately becomes white. 

6 Fused with FeSO, and microcosmic salt in 
reducing flame, a bright red bead is obtained. 



PRACTICAL CHEMISTRY. 






169. Vanadium. V, c.w. ;r3. 

1. HjS produces no precipitate in acid solutions, but 
a blue coloration by reducing to a lower oxide. 

2. (NH,)2S produces in a solution containing HjSO, 
a brown precipitate of the sulphide, soluble in excess 
of the reagent 

3. NH,Ci in solutions of alkaline vanadates, pre- 
cipitates the metal completely as ammonium meta- 
vanadate (white). This precipitate loses ammonia od 

' heating, and leaves a residue of VjOj. 

4. K4Fe(CN)5 produces, in acid solutions, a greni 
precipitate, not dissolved by acids. 

5. SO2, or oxalic acid, reduces acid solutions of 
VjOj to a lower oxide of vanadium, of a bright blue 

6. Zn, added to a solution of V^Oj in HjSO, 
(diluted with H^O), produces a series of changes in 
colour, and ultimately a violet solution is obtained, 
which rapidly becomes brown in air by oxidation. 



RetLCttous of the Rbt 



md la PotaaBlii 



170. Lithium. Li, c.w. 7, 
I. Pt.Cl) produces no precipitate. 
3. NajHPOj produces, on boiling the solution, a 
white precipitate of 2 LijPO, + H^O. The precipitate 
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is soluble in HCl, and is not re-precipitated by (NHJHO 
unless the solution be boiled. 

3. Lithium compounds tinge the lamp flame bright 
crimson. 

171. CiESiUM. Cae, C.W. 133. 

1. PtCl4 produces a crystalline light yellow precipi- 
tate of 2(CaeCl) + PtCl4, insoluble in boiling water. 
(The corresponding potassium salt is dissolved by 
repeated treatment with boiling water.) 

2. Tartaric acid produces a precipitate of the acid 
tartrate of caesium, more soluble in water than the cor- 
responding compound of rubidium. 

3. Volatile caesium salts colour the flame violet. 

172. Rubidium. Rb, c.w. 85*4. 

1. PtCl4 produces a crystalline light yellow precipi- 
tate of 2 (RbCl) -f PtCl4, insoluble in boiling water. 

2. Tartaric acid produces a precipitate of the acid 
tartrate of rubidium, which is much more insoluble in 
water than the corresponding caesium compound. 

3. Volatile salts of rubidium colour the flame 
violet 



PART VI. 
QUANTITATIVE ANALYSIS. 

Example I. 

Determination of Filter Ash. 

Weigh accurately a porcelain or platinum crucible 
which has been heated to redness and then allowed to 
become quite cold. Select six Swedish filter-papers of 




Fig. 20. 

uniform diameter, fold each as in the sketchy and then 
coil round it a thin platinum wire, leaving a loose end 
(a). Place the crucible on a glazed porcelain tile, 
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kindle the point of the paper and hold it over the 
crucible until the paper is reduced to ashes. Detach 
the ashes carefully from the wire and allow them to 
fall into the crucible. Repeat this with the remaining 
five filter-papers, and if any ash has fallen on the 
porcelain tile sweep it with a feather into the crucible, 
which is then heated to redness until the contents no 
longer contain any black portions. 
Record the results thus : — 

Crucible + ash from six filters 

(diam. = )...= 
Crucible — 



Ash from six filter-papers . . = grm. 

Weight of each filter ash 

(diam. ==)...=* grm. 



Example II. 

Determination of Sulphuric Acid. 

Weigh out about 0*2 gramme of dry powdered 
potassium sulphate, or any other sulphate soluble in 
water. This is best done by placing the salt in a dry 
test-tube and weighing this with its contents, then 
carefully shake the required quantity into a dry beaker, 
and re-weigh the tube. The difference between the 
two weighings is the weight of salt taken. To the 
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s of the beaker add distilled water and a. few 
drops of pure hydrochloric acid, and heat over wire 
gauze with constant stirring till the liquid boils. Re- 
move the lamp and add drop by drop clear solution of 
barium chloride in very slight excess. Heat again to 
the boiling-point, stirring as before ; remove the lamp 
and allow the precipitate to subside. To the clear 
liquid add a drop of barium chloride solution to see if 
the precipitation is complete. If no further precipita- 
tion takes place, heat again to the boiling-point for 
some minutes, allow to settle and then pour off the 
liquid through a Swedish filter-paper, leaving the 
precipitate in the beaker. Now add hot distilled 
water, one or two drops of hydrochloric acid, and boil 
as before, allow to settle and again pour tlie clear 
poition through the filter.* Repeat this two or three 
times, and finally transfer with Che aid of a wash 
bottle every trace of the precipitate to the filter, wash 
repeatedly with hot distilled water until a few drops of 
the filtrate give no turbidity with silver nitrate, showing 
that the excess of barium chloride and hydrochloric 
acid has been removed. When the washitig is com- 
plete, get the precipitate as much as possible to the 
point of the filter, then dry it by placing the funnel 



with its contents in an ai 
the precipitate as complcti 
porcelain or platinum cri 
the same precautions as 
adding the ash to the co 

• This mcihod ii qIIeiI ' 



bath. When dry, transfer 
ly as possible to a weighed 
cible, bum the filter (with 
in the previous example), 
itents of the crucible, and 
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dMi 



grm. 



heat to redness for some minutes, allow to become 
quite cold and weigh." 
Record the results thus : — 

Tube + potassium sulphate . == 
Tube — potassium sulphate . = 

Potassium sulphate used . 

Crucible + barium sulphate -f 

ash 
Crucible 

Barium sulphate + ash 
Filter ash . 

Barium sulphate 

Reaction : 



grm. 



K2SO4 + BaCla = BaS04 + 2KCI 
174-2 + 208 =s 233 + 149*2 

Percentage composition=By calculation. By analysis. Difference. 



K2 
SO4 



44-89 

55*11 



lOO'OO 
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Determination of Hydrochloric Acid. 

Weigh frotna tube into a beater as before about O'l to 
o'2 gramme pure common salt or other soluble chloride, 
dissolve in distilled water, add a few drops of pure 
nitric acid and warm the solution. To the warm 
solution add solution of silver nitrate drop by drop 
until the precipitation is complete. This is easily 
ascertained by allowing the precipitate to subside and 
then adding a drop of silver nitrate solution to the 
clear liquid. If no further precipitation take place, 
cover the beaker and keep it in the dark for some 
hours, wlien the supernatant liquid should be found 
quite clear. Now pour the clear liquid through a 
filter retaining tlie precipitate in the beaker. Add to 
it hot distilled water and a drop of nitric acid and 
heat (stirring constantly) till it boils. Allow to subside, 
then pour the clear liquid through the filler as before. 
Repeat this process twice, then transfer the silver 
chloride to the filter, wash with boiling water alon^ 
until a few drops of the filtrate give no turbidity on 
addition of a drop of hydrochloric acid. Finally 
wash the precipitate into the point ol^ ihc filler, cover 
the funnel and place it in an air-bath. When quite 
dry transfer the chloride of silver as completely as 
possible 10 a weighed porcelain crucible, keeping the 
filter-paper for separate treatment. Heat the crucible 
gently at first, and then m^ire strongly till the chli 
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just begins to fuse, allow to become perfectly cold and 
weigh. 

Now fold the filter-paper as in the sketch, keeping 
the portion to which silver chloride adheres (a) in the 






Fig. ax. 



middle of the coil, which should be as tightly rolled 
up as possible. Wind round it a platinum wire 
(previously weighed on a watch glass), and light the 
filter-paper, holding it over the watch glass, and allow 
it to burn to ashes. When it ceases to glow apply a 
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lamp flame till it is completely burned, lay it with the 
platinum wire on the watch glass and weigh when 
cold. By this process the stiver chloride is reduced to 
metallic silver, and is weighed as such, and the quantity 
of silver chloride to which it corresponds is calculated. 
(io8 parts of silver correspond to I43'5 parts of silver 
chloride.) 

Record the results thus : — 



Tube + common salt 
Tube — common salt 

Common salt used . 

Crucible + silver chloride 
Crucible 

Silver chloride ... 

Watch glass + wire + ash + 

silver .... 
Watch glass + platinum wire 

Ash + silver 

/\.sn . • • • . 

Silver 

Silver chloride from crucible 
Silver chloride from ash . 

Total silver chloride . 



grm. 



grm. 



grm. 



grm. 
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Reaction : 

NaCl + AgNOj = AgCI + NaNOj 
58-5 + 170 - 143-S + 8s 



FercoMsge cc 



3932 



By stialyti^. DiEe 



^^^^1 Example IV. 

^^^^" DeUrmination of Phosphoric Acid. 

Weigh out into a beaker about o"5 gramme of 
sodium phosphate, (NajHPOj + 12H5O), dissolve it in 
water, and add magnesia mixture till the precipitation 
is complete (add ammonia if tbe liquid has not a 
strongly ammoniacal smeil) and allow to stand for 
twenty-four hours. Filler and wash the precipitate with 
water containing one-fourtb of its volume of ammonia 
solution, until a few drops of the filtrate wben neu- 
tralised with nitric acid give no precipitate on addition 
of silver nitrate. Dry the precipitate in the air-bath, 
transfer to a weighed porcelain or platinum crucible 
adding the filter-asb to the contents of the crucible, 
heat gently at first, then strongly, and weigh when 

Record the results as in Example II., substitntnig 
sodium phosphate for potassium sulphate, and mag* 
nesium pyrophosphate for barium sulphate. 



158 PRACTICAL CHEMISTRY. 

Reaction : 
Na,HP04 + MgSOt + (NHj)HO = Ms(N HJPOi + Na,SO. + H.O. 



On ignition the amra on ium- magnesium phosphate is 
converted into magnesium pyrophosphate, MgjPjOj, 



Example V, 

Determination of Carbonic Anhydride. 

Weigh out fiom one to two grammes of IceJand spar 
(calcium carbonate), place it in the flask a (Fig. Js) 
along with a little water, then insert a small teat-tube 
containing hydrochloric acid in such a way that it is 
supported by the side of the flask and without risk 
of the acid escaping till required to do so. Place 
strong sulphuric acid in the flask B till it Is nearly 
half full, adjust the stoppers in each 11 ask, and close 
the opening C with a piece of india-rubber tubing and 
a small piece of glass rod. Now weigh the double 
flasks accurately, and incline the apparatus so that a. 
little of the hydrochloric acid in the tesl-tube mingles 
with the water and Iceland spar in A. Carbonic 
anhydride is at once evolved and is freed from moisture 
by passing through the sulphuric acid in B. When 
the evolution of gas slackens, allow more acid to 
escape from the tube, and continue this until the 
carbonate is completely dissolved. Then heat the 
Hask A with a small flame so as to expel the carbonic 
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anhydride dissolved by the liquid ; remove the stopper 
at C. attach an india-rubber tube to the exit tube 
of B and slowly draw air by suction through the 
apparatus until every trace of carbonic anhydride is 
removed. When the apparatus is quite cold replace 
the stopper at C and again weigh. The loss in weight 
represents the carbonic anhydride originally present 
in the spar. 




Fig. 22. 



i<.ecord the results thus :— 

Tube + Iceland spar 
Tube .... 

Iceland spar used 



grm. 
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Carbonic anhydride apparatus . = 
„ after experiment . = 

Carbonic anhydride . . , = \ 

Reaction ■ 

CaCOj + 2HCI = CaQ; + CO^ + HjO 
100 + 73 = 111 + 44 + 18 

Pi;rce[TISEe compusilian = Dy calciiliMon. By ilu])^. CiSen 



Example VI. 
Determination of Iron. 
Weigh from a tube into a beaker about o*z gramme 
of ferrous ammonium sulphate * (FeSOi + (N H,),SO,. 
+ 6H1O), which has been previously powdered and ; 
dried by pressing between filter-paper. Dissolve the salt 
in water, add hydrochloric acid and a few drops of nitric 
acid (to convert the ferrous into ferric salt) and heat 
till it nearly boils. If sufficient nitric acid has been 
added the colour of the solution ought to change 
to brownish red. Allow to cool, add aTnmonia in 
slight excess, heat until the liquid neariy boils stirring 
constantly and allow to settle. Pour off Uie clear hoi 
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liquid through a filter and repeatedly wash by decanta- 
lioii, allowing the precipitate to subside each time. 
Then transfer the precipitate to the filter, wash 
thoroughly with boiling water and dry in an air-bath. 
Transfer the precipitate as completely as possible to a 
weighed crucible, add the filter ash to its contents, and 
heat to redness for some time. Allow to cool and 
weigh the iron sesquioxide (Fe^Og). [The student 
will be able to judge from the previous examples how 
to record the results.] 



EXM 



i VII. 



Ditermhmtion of Cakijim. 
Weigh out about o'2 gramme of Iceland spar and 
dissolve it in dilute hydrochloric acid in a. beaker 
covered all the time with a watch glass, to prevent loss 
by spirting. When completely dissolved, wash any 
liquid adhering to the watch glass into the beaker, 
add ammonia in slight excess, warm the solution, and 
to the hot liquid add solution of ammonium oxalate 
until complete precipitation is effected. Now add 
ammonia until the fluid smells of it, cover the beaker 
and leave it in a warm place for at least twelve hours. 
Pour the clear liquid through a filter, leaving the 
precipitate in the beaker, wash it several times with 
boiling water and finally Iransrer it to the filter. Any 
precipitate adhering to the beaker is removed by 
rubbing with a glass rod lipped with india-rubber. 
', the precipitate in the air bath, transfer to : 
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platinum crucible (to which the filter ask is added> 
and heat at first gently over the Bunscn lamp, finally 
to a red heat. Now heat the crucible over a Bunseo 
blowpipe flame for a considerable time, and repeat 
this until the crucible ceases to lose weight This 
serres to convert the calcium oxalate into oxide (CaO), 
from the amount of which the percentage of calcium 
in the spar is calculated. 

Example VII!. 
DeUi'minaiion of Copper. 
Weigh out about 3*2 gramme of crystallized copper 
sulphate (CuSO, + SH^O), into a porcelain basin, 
dissolve in water, and heat till nearly boiling. Add 
now pure solution of potash drop by drop until no 
further precipitation occurs, and continue the heating 
for some little time, but without allowing the liquid 
to boil. When the precipitate has subsided, poor the 
clear colourless liquid through a Rlter, wash three 
times by decantation using boiling water each tim^ 
then collect on the filter, wash thoroughly with hot 
water and dry in the air-bath. Detach the dried ■ 
precipitate as completely as possible from the paper, ' 
place it in a weighed porcelain crucible, and burn the 
filter with the same precautions as with silver chloride 
(page 15s), add the ash to the contents of the crucible 
and moisten it with one or two drops of nitric acid. 
Carefully expel the excess of acid hy gentle heating 
and ignite until the copper nitrate formed is converted. 
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ilo oxide. When quite cold, weigh, and calculate the 
mount of copper in the salt from the weight of copper 
xide found. 



al ;S di d h h se 

add g p fi g p 

to the top and then running out the solution till the 
liquid stands exactly at the uppermost line marked o. 
Weigh accurately about 05 gramme of dry powdered 
ferrousammoniumsulphate(FeSO,(NH,)jSOj + 6H20)i 
place it in a beaker of about half a litre capacity, 
and dissolve (without the aid of heat) in about 200 c.c, 
of water. When dissolved add dilute sulphuric acid, 
place Che beaker on a white porcelain tile and run in 
the permanganate solution from the burette, stirring 
constantly until the solution is distinctly pink coloured. 
When the reaction is seen to be nearly o\'er, the per- 
manganate must be added drop by drop. Now 
read off the point at which tlie permanganate stands 
in the burette and record the result. Weigh out a 
second portion of the double sulphate and repeat 
the process until you obtain three or four closely 
agreeing experiments. 
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Record the results thus : 



:. permanganate — gnn. double 



■aeventh of its weight of iron, 
the results are easily calculated for metallic iron.] 
Reaction : 

aKMnO( + loFeSOi + SHjSO, = 
2MnSOi+sFe^SO0a+ K^SO, + 8H,0 

Example X. 
Determinaiion of Iron ( Voluiiistric). 
Weigh out about o'l gramme of clean' iron wi:e 
and dissolve it with the aid of heat in dilute sulphuric 
acid in a flask through which a current of carbonic 
anhydride is continually passed. When complete 
solution has been efFected, aJIow to cool in the current 
of carbonic anhydride, dilute with water, and triturate 
with permanganate solution as in the previous ex- 
periment. In exact experiments a correction must be 
made for the impurities in the wire, which usually 
amount to o'4 per cent., in other words every deci- 
gramme of iron wire corresponds to only 0*0996 
gramme pure iron. Repeat this experiment two or 
three times and compare the results with those obtained 
in Example IX. 



QUANTITATIVE ANALYSIS. 16; 

Example XI. 
Deterviinatioit of Oxalic Acid, 

Weigh out between i and z decigrammes of pure 
crystallized oxalic acid (CjHjO, + 2H,0), place in a 
beaher with about 200 c.c. of water, add dilute sulphuric 
acid and warm gently. Add permanganate from the 
burette, stirring constantly, until the pink colour is 
permanent even on wanning the solution. Repeat the 
experiment two or three times and compare the results 
1 with the preceding ones. Everj' 112 parts of iron as 
[ ferrous salt correspond to 126 parts of crystallized 
oxalic acid. 

aKMnO, + SC3H3O, + sH^SOi = 
KjSO, + aMnSOi + loCO; + 8HjO. 

^^^L Example 

^^^B Freparatiou 0/ Standard Oxalic Acid. 

\ Weigh out exactly 63 grammes of pure crystallized 

oxalic acid. This is best done by accurately weighing 
a large watch glass, adding 63 grammes to the weights, 
and then oxalic acid to the watch glass until the 
balance is again in equilibrium. With the aid of a 
dry funnel transfer the whole of the crystals to a litre 
llask, wash the watch glass and funnel, and nearly 
fill with distilled water. Dissolve by shaking the tlask, 
and when quite dissolved fill up exactly to the mark 
on the neck, and shake again thoroughly. Test the 
j^th by means of the standard permanganate 
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solution previously made, using for this purpose about 
10 or20 c.c. of the oxalic acid solution. Now weigh 
out in the manner already described, zr37l4. grammes 
of pure recently ignited sodium carbonate, transfer it 
to a quarter-litre flask, dissolve in water, fill up to the 
mark and shake thoroughly. Pour this solution into 
a burette and allow 20 c.c. (=1 gramme NajO), to 
flow out into a porcelain basin containing about 100 c.c 
water. Add a few drops of neutral litmus solution, 
and then the standard solution of oxalic acid until 
the blue colour disappears. Heat the solution to 
the boiling-point, again add standard acid till the 
colour changes from purple to bright red, and repeat 
this until the latter colour is constant Repeat the 
experiment with another zo c.c of sodium carbonate 
solution, and if the two experiments agree, compare 
them with the previous ones in which the strength was 
estimated by means of permmganate. 

Use the standard acid for determining the amount of 
alkali in accurately weighed quantities of caustic soda, 
caustic potash, soda ash, &c., &c. 



Example XIIl. 
Preparation of Standard Sulphuric Ada. 
Measure out a litre of water and place it in a 
stoppered bottle, then run into it from a burette 34 c.c. 
of strong pure sulphuric acid, add 30 c.c. of water, 
shake thoroughly, and allow to become quite cold, 
Fii; a burette with the diluted acid and ascertain, jusl 
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as in the previous example, how much of it is required 
to saturate 20 c.c. of the sodium carbonate solution 
prepared in XII. From this calculate the weight of 
sulphuric anhydride in the litre. Take now 20 c.c. of 
the acid and determine the amount of sulphuric acid 
by precipitation with barium chloride as in II. Com- 
pare the two results, and if they agree well, take the 
mean as the quantity of sulphuric acid present in the 
solution, which must now be diluted so as to contain 
exactly 40 grammes SO3 in the litre. The amount of 
water to be added is easily calculated. Thus if a 
litre is found to contain 41 "6 grammes SO3, instead of 
40, then by the proportion 40 : 41*6 : : 1000 = 1040, it is 
necessary to add 40 c.c. water to each litre of the acid. 
Use the standard acid so prepared for determining 
the amount of alkali in soda ash, &c. 



Example XIV. 

Preparation of Standard Soda, 

Dilute a solution of pure soda until the specific 
gravity as indicated by the hydrometer is about i '05, and 
place it in a burette. Now add 50 c.c. of the standard 
acid (XIII.) to about 100 c.c. of water contained in a 
basin, add a few drops of litmus solution, and then 
run in from the burette caustic soda solution until the 
colour just changes to blue. The solution is required 
of such a strength that i c.c. acid is exactly neutralized 
by I c.c. soda. By proceeding as above the soda will 
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be stronger than the acid, and must be diluted nith 
Che proper quantity of water. If, for example, 46 c.& 
of soda are equal to 50 c.c. of acid, then 4 c.c. of water 
must be added to every 46 c.c. of the solution. 

By means of the standard soda ascertain the amount 
of acid in accurately weighed quantities of acetic acid, 
sulphuric acid, potassium bisulphate, 6:c. 



Example XV. 

Delerminalion 0/ Chlorine ( Volumetric). 

Weigh out accurately 2 '3944 grammes of pure silver 
nitrate and dissolve in one htre of distilled water. 
(This is a convenient strength for the determination 
of the amount of chlorides in water, for other pur- 
poses a stronger solution is employed.) Place the 
silver solution in a burette and allow it to run drop 
by drop into 50 c.c, of ordinary water contained in a 
porcelain basin, and to which one or two drops of a 
solution of pure potassium chromate have been added. 
When the liquid becomes faintly red in colour read off 
the amount of silver nitrate used ; the number of cubic 
centimetres used indicates the amount of chlorine in 
100,000 parts of the water examined. The potassinm 
chromate serves to indicate when the precipitation ol 
silver chloride is complete, since none of the rea 
silver chromate is formed until all of the highly 
insoluble silver chloride is precipitated. 
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EsHmation of Chlorine in Bleaching PotuiUr. 

Weigh out exactly 4-95 grammes of pure dry arsenic 
trioxide, place it in a flask with some water, heat 
gently, and add pure crystalliJcd sodium carbonate 
from time ta time until complete solution has been 
effected. Allow to coo!, transfer carefully to a litre 
flask, and fill up to the mark on the neck. This forms 
a deci-normal solution of arsenious acid, and may be 
used for the determination of iodine, chlorine, bleaching 
powder, &c. 

Reactions : 

As503 + 4l + iHjO = 4HI +A5„0j. 
AsjOa + Ca(ClO)j - CaClj -f As,Oj. 

Weigh out exactly 3"5s grammes of bleaching powder 
into a mortar, add water, and ihoroughly mix with the 
aid of the pestle. Decant off the turbid fluid into a 
litre ilask, leaving the sediment behind. Add more 
water to this, triturate again, transfer a? before to the 
litre flask, and repeat this until all the bleaching 
powder has been transferred to the litre flask, then iiil 
up to the mark. Shake thoroughly, and before allowing 
it to settle withdraw 100 c.c. by means of a pipette, and 
place it in a beaker. Add now from a burette the 
standard arsenic solution, stirring constantly, and 
testing from time to time {with the aid of a glass rod) 
the action of the fluid on strips of paper moistened 
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with a mixture of potassium iodide and siarch solu- 
tion. At first the prepared paper is deeply marked 
blue, but as the arseniou? acid is added the marks 
become fainter and fainter, and it is easy to determine 
the exact point when the paper ceases to be tinged. 
Read off from the burette the numbei of cubic centi- 
metres of arsenic solution used ; this number indicates 
at once the percentage of chlorine in the sample ol 
bleaching powder. 

Example XVII. 
DeUftnination of Manganese Dioxide. 
Weigh accurately from 3 to 4 grammes of dry, 
finely-powdered pyrolusite, place it in the flask a. 
Fig. 22 (see page 159), add a little water, and 
about 6 grammes neutral sodium oxalate. Put about 
50 c.c. strong sulphuric acid in the flask B, adjust 
the stoppers, and weigh the entire apparatus on an 
accurate balance. Now attach an india-rubber tube 
to the exit tube of b and gently suck air from a. 
so as to cause sulphuric acid to pass over from B 
into A. As soon as this is done an evolution of car- 
bonic anhydride begins; the gas is dried by passing 
through the acid in B, and escapes by the exit 
tube. When the evoluliun of gas slackens repeat the 
suction, and continue in this way until everj- trace of 
pyrolusite has been dissolved. When this is the case 
draw more acid over into A, so as to^eat the liquid 
and expel any dissolved carbonic anhydride, then 
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remove the stopper at c and draw air through the 
apparatus to replace the carbonic anhydride. When 
perfectly cold weigh the apparatus again ; the loss in 
weight indicates the carbonic anhydride expelled, from 
the amount of which the quantity of manganese 
dioxide in the pyrolusite may be calculated. 
Reaction ; 



Mn02 + 2H2SO4 + Na2C204 = MnS04 4- Na2S04 + 2CO2 + 2H2O. 
87+196+134 = 151 + X42 +88+36. 



Example XVIII. 

Determination of Lead, 

Weigh out about 0*5 gramme of re-crystallized lead 
nitrate, dissolve in water, add ammonium carbonate 
in slight excess and a few drops of ammonia, heat 
gently, and after some time, filter. Wash the precipi- 
tate with distilled water and dry in the water-bath. 
Transfer the precipitate as completely as possible to a 
weighed porcelain crucible, ignite gently at first and 
then strongly, • allow to cool and weigh the lead 
oxide (PbO) remaining. The filter must be burned 
separately as in the case of silver, and when thoroughly 
ignited may be added to the contents of the crucible. 
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Example XIX. 

DeUnninalion of Zitie, 

Weigh out about i gramme of itnc sulphate crystals 
{ZnSOi + 7 HaO), dissolve in water and heat nearly to 
the boiling-point, add by degrees solution of godium 
carbonate till there is a slight excess, and then heat to 
the boiling-point. Allow to settle, decant the clear 
liquid, boil the residue with more water two or three 
times, then transfer to the filter, wash thoroughly, and 
dry the precipitate. Transfer the dry precipitate as 
completely as possible to a crucible, add to it the ashes 
of the filter-paper, heat to redness, and when cold weigh 
the residue of zinc oside (ZnO.) 



When these examples have been completed, the 
student may practise other determinations, using the 
same reactions. Thus, by weighing out quantities of 
barium chloride, silver nitrate, and magnesium sul- 
phate, and precipitating their solutions with sulphuric 
acid, hydrochloric acid and sodium phosphate re- 
spectively, the methods described in II., III., and IV. 
may be used for the determination of barium, silver, 
and magnesium. 



APPENDIX A. 

TABLE OF THE ELEMENTS, WITH THEIR 
SYMBOLS AND COMBINING WEIGHTS. 

Element Symbol. ^W^ght*^ 

Aluminium Al 27*3 

Antimony Sb 120 

Arsenic . As 75*2 

Barium Ba 137 

Beryllium Be 9*3 

Bismuth Bi ...... 210 

Boron B 11 

Bromine Br 80 

Cadmium ...... Cd 112 

Caesium Cs 133 

Calcium Ca 40 

Carbon C 12 

Cerium Ce 92*^ 

Chlorine CI 35*5 

Chromium Cr 52 

Cobalt Co 587 

Copper Cu . . . . . 63*5 

Didymium . . . . D 95 

Erbium E , 112*6 



174 



PRACTICAL CHEMISTRY. 



Element. Symbol. 

Fluorine F 

Gold Au 

Hydrogen H 

Indium In 

Iodine I 

Iridium Ir 

Iron Fe 

Lanthanum La 

Lead Pb 

Lithium Li 

Magnesium Mg 

Manganese Mn 

Mercury Hg 

Molybdenum Mo 

Nickel . Ni 

Niobium Nb 

Nitrogen N 

Osmium Os 

Oxygen O 

Palladium Pd 

Phosphorus P 

Platinum Pt 

Potassium K 

Rhodium Rh 

Rubidium Rb 

Ruthenium Ru 

Selenium Se 

Silver Ag 



- /> 



Combinin/i 
Weight 

I 

113-4 

127 

198 

56 
92-9 

207 

7 
24 

55 

200 

96 

587 

94 

H 
199-1 

16 

io6*6 

31 
197*5 

391 
104-2 

854 
104-4 

795 
108 
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Element Symbol. ^wii^ght* 

Silicon Si 28 

Sodium Na 23 

Strontium .....•, Sr 87*5 

Sulphur S 32 

Tantalum Ta 182*3 

Tellurium Te 128 

Thalli im Tl 203*5 

Thorium ...... Th 11 57 

Tin Sn 118 

Titanium Ti 50 

Tungsten W 184 

Uranium U 120 

Vanadium V 51*3 

Yttrium . Y 6r6 

Zinc . Zn 65*2 

Zirconium Zr 89*6 
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APPENDIX B. 



WEIGHTS AND MEASURES. 



Measures of length. 
X metre = xo decimetres (dcm.). 
I metre ^ xoo centimetres (era.)- 
z metre = xooo millimetres (mm.). 

I cx)o metres = x kilometre, 
roo metres = x hectometre. 
10 metres = z decametre. 



z inch = 3*539954 centimetres. 

t foot = 3*0479449 decimetres, 

z yard = 0*9x438348 metre, 

x niile B z 6093x49 kilometre. 



Measures 0/ n»e^ki. 
X gram = zo dedgtazus. 
X gram = xoo ceotigrams. 
X gram = xooo zzulligramft. 

zooo grams = i kilogram, 
xoo grams *= x hectograzzu 
xo grams = x decagnun. 

z grain = 0*06479895 gram. 

I ounce\ 

(Troy.)r= 3iio349frgraiiifc 

z pound) 
(Avd.)i=**>5359a6skilog. 

z cwt. = 50*80337689 kilogs. 



Measures qf capacity, 
I litre = X aibic decimetre. z cub. in.s= x6*386i759 cubic 

I litre ss zooo cubic centi- oentimetreak 

metres. z cub. ft = 98*3x531x9 culnc 

1 00c litres a: X kilolitre or stere. decimetres. 



»«»«?«)= 4543457969 lit«« 
(70,000 grams.)' 
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TREATMENT OF SlU 



Silver residues generally consist chiefly of silver 
chloride, and may be treated as follows. Add hydro- 
chloric acid in slight excess to precipitate any solu- 
ble silver salt that may be present, and allow the 
precipitate to suhside. Pour off the supernatant 
liquid, and wash the precipitate several times (by de- 
cantation) with water. Place the precipitate in an 
evaporating basin, add solution of caustic soda and 
one or two pieces of sugar, and boil the mixture, 
stirring constantly. As soon as the precipitate setdes 
rapidly to the bottorn, leaving the liquid clear, the 
heating is stopped, and the precipitate washed with 
common water (by dccantaticn) till no longer alkaline, 
and finally once or twice with distilled water. The 
moist precipitate is then dissolved in pure nitric acid, 
and evaporated to obtain crystals of silver nitrate. If 
any cholorlde has escaped reduction, the solution in 
nitric acid will not be clear, in this case it must be 
diluted and filtered. When the quantity of silver 
residues is small, it is better to dissolve the finely 
divided silver in the smallest quantity of nitric acid 
possible, dilute with distilled water, and filttr the 



TABLE! 
IRON GROUP IN PRESENCE OF PHOSPHORHq 
MoncuieHe, Zinc, Chromium, Ba: 

To Ihe fiJlralc from rSo sulphides of Ihc Cu and As Kroups adl (N HO H<j (nl ' 

JiKSlUi£B "' "^ ' 

N19, Cos, St, 0„ 
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down wiih ■ few liropi of H NO, (yillow « 
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Ras mutt. | Ft lt h ats. 

BaH04,BrSO.,;OaS04)- I Add equal balk cf Akohn' 
PiQiKd as in Table U. III. slid filter. 

Resi aVH. I FlLTIl AT«. 
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TREATMEI^ OF PLATINUM RESIDUES. 



These residues generally contain the platiDum as 
double chloride af pocnssiunt or ammonium. Any 
soluble platinum chloride is precipitated by addition 
of ammonium chloride, and the filtered precipitate is 
dried and ignited. The residue is then thoroughly 
washed with hot water, and dissolved by boiling with 
a mixture of three parts of hydrochloric to one of 
nitric acid. It is best to pour off the solution from 
time to time and add fresh acids. When all the 
platinum is dissolved the solution is evaporated neariy 
to dryness ; hydrochloric acid is added {to expel the 
nitric acid), and the liquid is evaporated to complete 
dryness on the water bath. The residue Is dissolved 
in water or pieserved dry in txtttles. 



QUESTIONS AND EXERCISES. 

3. (a) How many grains of oxygen can be obtained 
by heating i,o8o grams of mercuric oxide ? 

(^) Twenty-four grams of oxygen are required ; how 
much mercuric oxide must be heated ? 

4>< (a) What is left when potassium chlorate is 
heated ? 

(d) How many grams of potassium chlorate must 
be heated in order to yield 500 grams oxygen ? 

(c) How much potassium chloride will remain after 
heating 247 grams potassium chlorate ? 

5. How is potassium chlorate distinguished from 
potassium chloride ? 

6. (a) Describe the best means of preparing 
oxygen ? 

(d) The residue in a flask used to prepare oxygen, 
consisted of 13 grams of potassium chloride; how 
much chlorate had been heated, and how much 
oxygen evolved? 

(c) Why is manganese dioxide mixed with potassiuir 
chlorate in preparing oxygen ? 
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B. (a) What happens when a taper is burned in 
oxygen p 

(*) How is the presence of carbon dioxide generally 
ascertained ? 

B. {ti) i"4gram of charcoal containing 96 percent, 
of carbon is burnt in oxygen ; how much carbon 
dioxide is produced ? 

{b) Contrast the burning of a candle wilh the breath- 
ing of an animal in air. 

10. How much oxygen is required to burn 4.3 grams 
of sulphur to sulphur dioxide? 

11. How much phosphoric anhydride can be ob- 
lained by burning 2*34 grams phosphorus in oxygen, 
and how much phosphoric acid would be obtained by 
dissolving the anhydride In water ? 

13. (a) How much hydrogen can be got by dis- 
solving IS ounces of zinc in sulphuric acid ? 

[#) Which will yield the greater quantity of hydro- 
gen when dissolved in acids — 162 grams linc, or 140 
grams iron? Why? 

1*. How much water will be formed by burning all 
the hydrogen evolved by dissolving 3'42 grains ijnc 
m sulphuric acid ? 

15. How much zinc sulphate should be got by dis- 
solving 1 lb. zinc in sulphuric acid ? 

19. How is nitrogen prepared ? 

ai. One hundred grams of potassium nitrate are 
heated with sulphuric acid ; how much nitric acid and 
hydrogen potassium sulphate will be obtained ? 

aa. What are the best tests for nitric acid ? 



^^^^Q[}£S^ON^JV^JCERCIS£^^^J^^^M 


a*. («) How is. 


ammonia gas prepared, and what i> '^^^^| 


the residue from it: 


^^^^1 


{*) How much a 


mmoiiium chloride must be used to ^^^| 


obtain 291 grams 3 


mmoniagas? ^^M 


as. How is amn 


tested for ^^^^| 


37. (a) How is : 


ammonium nitrate prepared P ^^^^^M 


{&) How much a 


mmonium nitrate can be got from ^^^^| 


327 grams of nitric 


^H 


BB. How much 


nitrous oxide can be obtained from ^^^^| 


437 grams of amm 


^^^H 


! as. How can n: 


itrous oxide be distinguished from ^^H 


oxygen ? 


^^^1 


30. If 7 grams 


of copper be acted on with nitric ^^^^| 


acid, how much nit 


ric oxide will be obtained, and how ^^^H 


much copper nitral 


^^^1 


31. Mention son 


ne of the properties of nitric oxide. ^^^^| 


3a. (a) How i! 


3 carbon dioxide prepared from ^^^^| 


marble ? 


^^^^1 


(*) How much 


hydrochloric acid will be needed ^^^^| 


exactly to decorapc 


ise a kilogram of marble ? ^^^^| 


33. What reacti 


on takes place when carbon dioxide ^^^^^| 


and lime-water are 


brought together? Give the equa- ^^^H 


tion. 


^^^^1 


34. (n) How is 


carbon monoxide prepared from ..^^^^| 


formic acid, aad fn 


im oxalic acid f ^^^H 


(&) How much carbon monoxide should be obtained ^^^| 


from 12 grams oxal 


^^H 


3a. What happens when a mixHire of carbon ^^^H 


monoxide and dit 


>xide is shaken up with caustic ^^^^H 
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36. (a) Give the equation for the preparation ol 
I chlorine from common salt, manganese dioxide, and 
sulpiiuric acid ? 

{b) What is the action of hydrochltiric acid on 
mangiuiese dioxide ? 

(c) How much chlorine can be got l>y heating 560 
grams manganese dioxide witli sah and sulphuric acid ? 

(rf) How muck can be got by heating the same 
quantity with hydrochloric acid ? 

S7. (a) Mention the chief properties of chlorine. 

(i) How does chlorine act as a bleaching agent? 

38. How much common salt is needed 10 prepare 
109 kilograms of hydrochloric acid ? 

39. (d) What is meant by " neutralizing " an add 
solution ? 

(i) What is meant by the terms "acids," "bases," 
and "salts"? 

40. (it) Give the equation for the preparation of 
bleaching powder from lime and chlorine. 

ip) How much chlorine is needed to convert S tons 
of slaked lime into bleaching powder? 

41. (ii) What happens when each of the following 
acids is brought in contact with calcium hypochlorite, 
sulphuric, nitric and hydrochloric ? 

(i) How can a solution of hypochlorous acid be 
distinguished from a solution of chlorine ? 

Aa. [a) Give the equation for the preparation of 
iodine from potassium iodide. 

{b) Thirty-seven grams of iodine were obtained ; how 
much potassium iodide was used ? 
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43. What is the best test for free iodine ? 

44. (d) How is sodium iodide prepared ? 

(fi) How much sodium iodide can be got from 20 
grams of iodine? 

45. How much bromine can be got from S; grams 
potassium bromide ? 

46. How much sodiimi, hromate and bromide, 
should be obtained by dissolving 97 grams bromine in 
caustic socia? 

47. (a) How is hydrofluoric acid prepared? 

{b) What is its action upon glass, and how may it 
be used to etch glass? 

48. (a) What is the action of strong sulphuric acid 
upon copper ? 

(A) How much sulphuric acid and copper must be 
used to obtain a kilogram of sulphur dioxide ? 

{/:) What is the action of sulphur dioxide upon 
nitric acid, and upon potassium chromate solution? 

50. (fl) Describe in detail how sulphuretted hydrogen 
gas is prepared. 

(i) How much ferrous sulphide must be used to 
obtain 42 grams of the gas ? 

51. (a) How does sulphuretted hydrogen serve to 
divide the metals into groups ? 

(fi) How could you separate by means of sulphur- 
etted hydrogen a solution containing copper, iron, 
and sodium ? 

6S. How is sodium hydrate prepared ? 

S4. (a) What is meant by the terms "oxidizing" 
and "reducing" flames? 
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ifii How is each obtained, and for what is each 

55. (a) How would you distinguish, by means of 
the blow-pipe, salts of the following metals — copper, 
cobalt, lead, zinc, antimony, aluminium, chruinium, 

{A) What happens when mercuric chloride is heated 
on charcoal along with sodium bi-carbonate in the 
blow-pipe flame f 

56. Name the substance which produces each ol 
the following reactions :— 

[a) Bead brittle, soluble in nitric acid, sulphide 
black. 

ifi) No metallic bead, but incrustation of oxide on 
charcoal (brown). 

(c) Bead malleable, soluble in nitric acid ; solution 
gives with sulphuric acid a white precipitate. 

(rf) No metallic bead ; after heating, moistening with 
cobalt chloride and re-heating gives a pink residue. 

{e) Redhead, soluble in nitric acid; solution becomes 
bright blue on adding ammonia: boran bead blue. 

(y) No metallic bead: borax bead amethyst coloured 
in reducing flame. 

67. (a) How may a Eunsen lamp flame be substituted 
for the flames obtained by the mouth blow-pipe ? 

{b) Which is the hottest part of the liunsen lamp 
flame, and which part has most reducing power? 

if) How are metallic films and metallic beads 
obtained by liunsen's flame reactions? 

SB. How can arsenii., mercury, thallium, cadinium, 
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gold and platinum be distmguished by Bunsen's flame 



50. Give Bunsen's reactions for zinc, mercury, bis- 
muth, lead, copper, and iron. 

so. Give Bunsen's tests forphosphonis and sulphur, 
and state the reactions involved in eacli. 

61a. Six substances gave the following reactions 
when examined by means of Table A. Name each 
substance. 

(a) Water evolved on healing (reaction acid). Sub- 
stance dissolved in water, and on adding HCl a gas 
was evolved smelling of burning sulphur. None of the 
group reagents gave a precipitate. Flame coloration, 

{b) Nitrogen tetroxide evolved on heating. Sub- 
stance dissolved in water, and gave a white pt^cipitate 
with hydrochloric acid, soluble in hot water. 

(f) Oxygen evolved on heating. Substance insolu- 
ble in water, but dissolved by heating with hydro- 
chloric acid with evolution (if chlorine. No precipi- 
tate with HCl, or with HCl -|- HjS, but on adding 
(NH,)HO-l-NH,CI-t-(NH,)jS a flesh-coloured pre- 
cipitate was obtained. 

(rf) Carbon dioxide evolved on heating strongly. 
Substance insoluble in water, but on adding HCl a gas 
was evolved with effervescence, which I'endered lime- 
water turbid. No precipitate with tlie first three 
group reagents, but a white one with (NH^) HO -j- 
NH, CI + (N H,), C O^. Flame coloration dull 
red. 
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(rf) White sublimate on heating. Substance dis- 
solved in water and gave no precipitate with BaQ^ 
but a white one with AgNOj, insoluble in NHOj, No 
precipitate with any or the group reagents, but gave 
a smell of ammonia on heating with NaHO. 

(/) Oxygen evolved on heating. Substance soluble 
in water, gave no precipitate with the first three 
group reagents, but a white one with (NHj) HO + 
NH,C1 + (NH^JaCOj. Flame coloration green. 

SlS-Six substances gave the following reaction when 
examined by means of Table B. Name each sub- 

(<i) White and unfused on heating. Yields when 
heated on charcoal with sodium carbonate, a mal- 
leable bead which leaves a black mark on paper. 

{S) Infusible and disappears on heating. Defla- 
grates when heated with potassium nitrate. 

(c) Infusible when healed. Microcosraic salt bead 
colourless. Blue mass after heating on charcoal, 
moistening with CoCl^ and heating again. 

{d) White and infusible. When heated with H, 
SO J, evolves gas which etches glass. 

(f) Infusible, but darkens in colour on heating. 
Fused with NaHCOa, yields a brittle bead. 

{/) Fused but not volatilized on heating. Yields 
malleable metallic bead when heated on charcoal with 
NaHCOj. 

S3, (ii) Give the four group reagents, and state tbc J 
metals precipitated by each. 

[b) What are the metals of Group V. ? 
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83. Write out the tests for silver. 

a4. Write out the tests for mercurous salts. 

6S. (a) Write out the tests for lead, 

(fi) How is lead chloride distinguished from the 
chlorides of silver and mercury? 

(f) Give two methods for separating lead from 
silver and mercury. 

ee. How can you separate the metals in a solution 
containing silver, mercury, and lead? 

97. (fl) What happens when H,S is added to a 
solution of a mercuric salt ? 

(i) What is " white precipitate " ? 

ea. Wliy does lead occur both in the silver and 
copper groups ? 

69. (fl) What is the action of water on salts o( 
bismuth ? 

(b) How is lead chromate distinguished from bis- 
muth chromate ? 

70. {a) What is the action of KCN and of HjSO, 
upon copper sulphide? 

{fi) What happens when (NH,)HO is added to .t 
solution of copper sulphate? 

71. {a) What is the action of KCN and of H,SO, 
upon cadmium sulphide ? 

(i) Give'two methods for the separation of coppei 
from cadmium. 

7a, (u) Why is the filtrate from the silver group 
boiled down with hydrochloric acid before precipi- 
tating with HjS ? 

fi) What is the aclion of (NHj^S.. on the sul- 
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phiiics of tlie following metals — lead, 
copper, bismuth, tin, and cadmium ? 

(c) What is the action of nitric acid upon sulphides 
of copper, mercury, bismuth, and cadmium ? 

73. («) What reactions take place when 
chloride is added to stannic chloride and 
chloride ? 

{b) How is purple of Cassius obtained ? 

7A. {a) What is the reaction of zinc upon an acid 
solution of antimony contained in a platinum vessel? 

(S) Describe Marsh's test for antimony. 

(c) What is the action of sulphuretted hydrogen 
upon an antimony mirror ? 

78. («) What is the action of silver nitrate upon an 
acid, neutral, and alkaline solution of arsenions 
acid? 

(i) Give the formula of Scheele's green, and state 
hnw it may be obtained. 

(f) Describe Marsh's test for arsenic, and point out 
how it serves to distinguish that metal from antimony., 

(rf) Describe Reinsch's test for arsenic. 

{e) Mention several ways of distinguishing an anti- 

(/) State all the dry reactions for arsenic. 

7«, (a) What is the action of ammonium carbonate 
upon the sulphides of arsenic, antimony, and tin? 

(i) How is tin separated from antimony ? 

77. {a) How is Prussian blue obtained, and what is 
its formula ? 

{p) How is Turnbull's blue obtained ? 
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{c) How are ferrous and ferric salts distinguished 
by the ferro- and ferri-r.yanides of potassium ? 

78. {(i) When a solution of the metals of the iron 
group is precipitated with ammonium sulphide, what 
causes the filtrate to have a brown colour ? 

(b) What are the blow-pipe tests for nickel ? 

79. (rt) What is the action of potassium cyanide 
upon solutions of nickel and cobalt ? 

(J?) How would you separate a solution of the 
chlorides of niclcel and cobalt ? 

(c) What is the action of potassium nitrite upon 
solutions of nickel and cobalt ? 

80. How can a solution of zinc hydrate in caustic 
potash be re-precipitated ? 

81. (d) How can a solution of aluminium hydrate in 
caustic potash be re-precipitated ? 

(J)) How can you distinguish between the hydrate 
and phosphate of aluminium ? 

82. (a) What happens when ammonia is added to a 
solution of manganese containing ammonium chloride ? 

{b) What substance is formed when manganese 
compounds are fused with a mixture of potassium 
nitrate and carbonate ? 

if) How would you separate a solution containing 
the nitrates of iron, zinc, and manganese ? 

83. (a) How would you separate analytically a 
solution of nickel, cobalt, and chromium ? 

(^) How would yoii separate analytically a solution 
containing iron, zinc, chromium, and manganese ? 
84>. {(i) What is the action of hydrochloric acid 
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upon the 5iilphides of iron, linc, nickel, manganese, 
and cobalt p 

(i) What is ttie action of barium carbonate upon a 
cold solution of eacb of the following metals^iron, 
nickel, zinc, chromium, and manganese? 

(c) How is aluminium distinguished from linc? 

85. Mention three characteristic tests for barium. 

se. How is strontium distinguished from barium ? 

87. How are strontium and calcium distinguished 
from each other? 

BS. (n) What is the action of strong alcohol upon 
the chlorides of barium and strontium, and upon the 
nitrates of strontium and calcium ? 

(f) How are barium, strontium, and calcium sepa- 
rated from each other ? 

(f) What is the action of acetic acid upon the 
chromates of barium and strontium? 

09. What are the tests for magnesium ? 

©O. What is precipitated on adding platinum chlo- 
ride to potassium chloride ? Give its formula. 

SI, (d) What is the action of platinum chloride 
upon ammonium chloride ? Give its fnrr 

(#) How are ammonium salts distinguished from 
those of pot as si vim ? 

03. How are potassium salts distinguished honi 
those of sodium ? 

S3. Describe how magnesium, potassium, Eodjtuo, 
and ammonium are separated. 

SO, How are organic and inorganic acids dBl- 
linguished ? 
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95. Write out the acids which occur in each of the 
four groups into which inorganic acids are divided. 

96. How are sulphates detected by the blow-pipe ? 

97. What happens when sulphuric acid is heated 
with silico-fluorides ? 

98. {a) How does sodium phosphate behave with 
solutions of the following reagents — magnesium sul 
phate, lead acetate, ferric chloride, and ammonium 
molybdate ? 

(b) How is phosphoric acid separated from solu- 
tions of phosphates insoluble in water ? 

{c) Give the distinguishing tests for ortho-, pyro-, 
and meta-phosphoric acids. 

99. How is borax recognized by a flame reaction } 

100. {a) What reaction takes place when calcium 
chloride solution is added to an oxalate, and what 
happens when the resulting substance is ignited ? 

{b) How are oxalates distinguished from phos- 
phates } 

101. What is the most characteristic test for 
fluorides ? 

loa. What is the most characteristic test for car- 
bonates 1 

103. How is silicic acid obtained from a soluble 
silicate, and how is it converted into silicon dioxide ? 

lOA. State how chromic, arsenious, sulphurous, 
iodic, and arsenic acids are detected in the examina- 
tion for bases. 

105. How is sulphurous converted into hydro- 
sulphuric acid ? 
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)w are sulphites distinguislied from \ 



distinguished form a 



109. What is the crTecI of heat upon iodates, and 
upon iodic acid? 

no. What happens when sulphur dioxide is passed 
through a solution of potassium chromate ? 

111. How is chromium oxychloride prepared from 
common salt and potassium bichromate? 

lia. (u) How is bromine liberated fiom its com- 
pounds, and how is its presence recognized? 

(*) What happens when bromides are distilled with 
manganese dioxide and sulphuric acid ? 

113. (a) How is iodine liberated from potassium 
iodide, and how is its presence recognized? 

{b") How can you detect chlorides, bromides, and 
iodides in presence of each oilier ? 

114. (it) How is silver chloride distinguished from 
silver cyanide ? 

(i) How may ammonium sulpho- cyanide be obtained 
from sodium cyanide, and from mercuric cyanide ? 

iia. (a) How is hypochlorous acid obtained from 
calcium hypochlorite ? 

(i) Give equations for the reactions which occur 
when hydrochloric acid and sulphuric acid act upon 
sodium hypochlorite. 

lis. What are the tests for nitrous acid ? 

117. How is free sulphuretted hydrogen obtained 
from sulphides, an 
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lie. Give all the reactions for nitric add. 

119. (a) How is chloric distinguished from nitric 

ifi) How is anhydi'ous perchloric acid obtained ? 

(c) How are perchloraics distinguished from chlo- 
rates? 

ISO. (a) How is arsenious separated from phos- 
phoric acid ? 

(^) Naine the acids whose silver salts are insoluble | 

if) How arc acids detected in insoluble bodies ? 

(rf) How can barium sulphate be decomposed f 

lai. State the group reagents of the organic acids, 
and show how tliey are divided into groups. 

laa. What is the action of caustic potash upon 
calcium tartrate ? 

123. How is tartaric distinguished from citric acid? 
Give two methods. 

isa. How are succinic and benzoic acids distin- 
guished ? 

ia7. What 
silver nitrate 

1S9. Nam 
acetic acids. 

130. How is a soap formed from stearic acid, and 
how may the fat be separated ? 

131. What reactions are produced by ferric chloride, 
and iodic acid upon morphine? 

138, Howis morphine separated from meconic add i 
183. Name the characteristic tests for strychnine. 



is the difference between the action of 
pon ferro- and upon ferri-cyanides ? 
the distinguishing tests for formic and 




196 PRACTICAL CHEAflSTRY. 

134. How is bruciue distinguished fiom strychnine } 
13fi. How are quinine and cinchonine distinguished 
froni each other ? 

137. Name the tests for uric acid. 

138. Name the tests for urea, 

140. How is cane sugar distinguished from gmpe 
sugar, and how may it be converted into the latter? 

141. Name the tests for albumin. 

142. What is the most characteristic test for 
starch? 

144. How arc tannic and gallic acids distinguished 
from each other ? 

145. How are carbon, hydrogen, and nitrogen 
detected in organic bodies? 

14fi. {a) How would you separate a mixture of 
ciliic, tartaric, and oxahc acids P 

ip) How would you separate a mixture of citric, 
benitoic, and formic acids ? 

14S. Name the rare metals precipitated in the 
silver, copper, arsenic, iron, and potassium groups. 

149. Name tlie tests for tungsten. 

150. Give the fomiula of the suhstance produced 
by adding platinum chloride to solutions of thallium. 

151. What reactions arc produced by iodide and 
chloride of potassium in palladium solutions ? 

15a. What reaction takes place when caustic potash 
is added to rhodium salts? 

153. What is the most characteristic test fm 
osmium compounds.' 

155. Name the most characteristic tests for gold; 
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156. Name the most characteristic tests for platinum. 

157. What is the action of ferrous sulphate upon 
iridium salts ? 

158. How does sodium phosphate react upon 
molybdenum salts ? 

160. How is selenium distinguished from tellurium ? 

161. What is the blowpipe test for uranium com- 
pounds ? 

163. How is beryllium distinguished from alumi- 
nium? 

167. How are cerium, lanthanum, and didymium 
distinguished? 

168. What happens when zinc is added to solutions 
of titanium salts ? 

169. {a) How is ammonium vanadate obtained ? 
{li) What is the action of oxalic acid, sulphur dioxide, 

and zinc upon acid solutions of vanadium pentoxide ? 

170. What reaction is produced by sodium phos- 
phate on lithium salts ? 

172. How are caesium and rubidium distinguished 
from each other and from potassium ? 
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Masters of Rugby School. With Illustrations. Crown 8vo. 
8j. &/. 

Daniell.— A TfcXT-bOOK OF THE PRINCIPLES OP 
PHYSICS, By Alfked Daniell, M.A., LL.B,, D.St, 
F.R.S.E,, late l.ectnrcc on Phy ics in the School of Mcdidne, 
Edintjiirgh. With J lustrations. Second Edition. Revised and 
Enlargei Medimn Svo. zw. 

Day.— ELECTKIC LIGHT ARITHMETIC. By R. E. Day, 
M.A., Evening Lectui-er in Experimental Physics at King's 
College, London. Pott Svo. 2j. 

Everett. — UNITS AND PHYSICAL CONSTANTS. By J. D. 
EVEHETT, M.A., D.C.L , F.K.S, F.R.S.E., Professor of 
Natural Philoiophy, Queen's College, Belliist. Second Edition. 
Extra fcap. Svo. 5j. 

Gray absolute measurements in electricity 

AND MAGNETISM. By Andrew Gray, M.A, F.R.S.E., 
Professor of Physics in the University ColleHe of Norlh Wales. 
Crown Svo. [A'™/ Edition in lit prttlT 

Grove.— A dictionary of music and MUSICIANSI^ 
(a.d. 1450 — 1886). By Eminent Writers, English and Fop' 
Edited by Sir GEORGE Grove, D.C.L., Director of the F 
College of Music, &c. Demy Bvo. 

Vols. I., IL, and HI. Price 211. each. 

Vol. I. A to IMPROMPTU. Vol. IL IMPROPERIA to , 
PLAIN SONG. Vol. III. PLANCHE TO SUMER IS, 
ICUMEN IN. Demy Svo. doth, with Illustrations in MuA^ 
Type and Woodcut. Also published in Parts, Parts I. to XIV, I 
ParfsXIX— XXI., price V, 6//. each. Parts XV., XVL, price 7*3 
Parts XVII., XVIII., price 7J. ' 

"Dr. Grove's Diclignaiy will bo k boon to evcrjr uileUiiitnt lov« of mtjiB. -■ 
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Huxley.— INTRODUCTORY PRIMER OF SCIENCE. By T. 
H. Huxley, F.R.S., &c. i8mo. is. 

Ibbetson. — the mathematical theory of per- 
fectly ELASTIC SOLIDS, with a Short Account of Viscous 
Fluids. An Elementary Treatise. By William John Ibbetson, 
B. A., F.R. A.S., Senior Scholar of Clare College, Cambridge. 8vo. 

[jn the press, 

Kempe.— HOW TO draw a straight line ; a Lecture 
on Linkages. By A. B. Kempe. With Illustrations. Crown 
8vo. I J. (id. {^Nature Series. ) 

Kennedy.— THE mechanics of machinery. By a. b. 

W. Kennedy, M.Inst.C.E., Professorof Engineering and Mechani- 
cal Technology in University College, London. With numerous 
Illustrations. Crown 8vo. \2s, 6d. 

Lang.— experimental physics. By P. R. Scott Lang, 
M.A., Professor of Mathematics in the University of St. Andrews. 
With Illustrations. Crown 8vo. [In the press, 

Lupton.— NUMERICAL TABLES AND CONSTANTS IN 
ELEMENTARY SCIENCE. By Sydney Lupton, M.A., 
F.C.S., F.I.C, Assistant Master at Harrow School. Extra fcip. 
8vo. 2j*. 6d. 

Macfarlane,— PHYSICAL ARITHMETIC. By Alexander 
Macfarlane, D.Sc, Examiner in Mathematics in the University 
of Edinburgh. Crown 8 vo. *js. dd. 

Mayer. — SOUND: a Series of Simple, Entertaining, and Inex- 
pensive Experiments in the Phenomena of Sound, for the Use of 
Students of every age. By A. M. Mayer, Professor of Physics 
in the Stevens Institute of Technology, &c. With numerous 
Illustrations. Crown 8vo. 2j. 6d, {Nature Series.) 

Mayer and Barnard. — light : a Series of Simple, Enter- 
taining, and Inexpensive Experiments in the Phenomena of Light, 
for the Use of Students of every age. By A. M. Mayer and C. 
Bar;»iard. With numerous Illustrations. Crown 8vo. 2s. 6d, 
{Nature Series. ) 

Newton. — PRINCIPIA. Edited by Professor Sir W. Thomson 
and Professor Blackburn E. 4to, cloth. 31^.6^. 
THE FIRST THREE SECTIONS OF NEWTON'S PRIN- 
CIPIA. With Notes and Illustrations. Also a Collection of 
Problems, principally intended as Examples of Newton's Methods. 
By Percival Frost, M.A. Third Edition. 8vo. 12s. 

Parkinson. — A TREATISE ON OPTICS. By S. Parkinson, 
D.D., F.R.S., Tutor and Prselector of St. John's College, Cam- 
bridge. Fourth Edition, revised and enlarged. Crown 8vo. los. td. 
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Perry. — steam, an elementary treatise. Bj 
John Perry, C.E., WhUwoiUi Sdiolar, Fellow of Ihe Chemic^ 
Society, Professor of Mpchanical Engineeting and Applied Mech- 
anics at the Technical College, Piasbuty. With numerous Wood- 
cuts and Numeric^ Examples and Exercises. iSmo. 4c. 6ii. 

Ramsay.— EXPERIMENTAL PROOFS OF CHEMICAL 
THEORY FOR BEGINNERS. By William Ramsay, Ph.D_ 
Professor of Chemistry in University CoUeEe, Bristol, Pott 8»itf! 

Rayleigh.— THE THEORY OF SOUND. ByLoRDRAYi-EicH 
M.A., F.R.S., formerly Fellow of Trinity College, Carabridge, 
Bvo. Vol, 1. lit. eiC. Vol. IL 131. 6rf. [Vol.ni.mlkefria. 

Reuleaux.~THE kinematics of machinery. Out- 
lines of a Theory of Machines. By Professor F. ReUleADX. 
Translated and Edited by Professor A. B. W. KENNEDY, C.E. 
With 450 Illustraiions. Medium Svo. 2lj. 

Roscoe and Schuster — spectrum ANALYSIS. Lectures 
delivered in 1868 before the Society of Apothecaries of London. 
By Sir Henry E. Roscoe, LL.D., F.R.S., Professor of Chemistrt 
in the Owens College, Victoria University, Manchester. Fouitti 
Edition, revised and considerably enlaced by the Author and 
by Arthur Schuster, F.R.S., Ph.D., ProfesEOc of Applied, 
Mathematics in Ihe Owens College, Victoria University. 
With Appendices, numerous Illustrations, and Plates. Medium ' 
Svo. 211. 

Shann.— AN ELEMENTARY TREATISE ON HEAT, IN" 
RELATION TO STEAM AND THE STEAM-ENGINE. 
By G. Shann, M.A. With Illustrations. Crown Svo. 4T. 6d. 

SpOttiswOOde.— POLARISATION OF LIGHT. By the kts 

W. SPOTTISWOODE, F.R.S. With many Illustrations. New 

Edition. Crown Svo. 31. dd. (Natun Sines.) 
Stewart (Balfour),— Works by Balfour Stewart, F.R.S., 

Professor of Natural Philosophy ia the Owens College, Victoria 

University, Manchester. 
PRIMER OF PHYSICS. With numerous Illustrations. New 

Edition, with Questions. l8mo. ii. {Science Primers.) 
LESSONS IN ELEMENTARY PHYSICS. With utlmeroiu 

Illustrations and Chromolitbo of the Spectra of the Sun, Stai^ 

and NebulsB. New Edition. Fcap. 8vo. 4J. dd. 
QUESTIONS ON BALFOUR STEWART'S ELEMENTARV 

LESSONS IN PHYSICS. By Prof. Thomas H. Core, Owem 

Collie, Maacheitcr. Fcap. Svo. 3i. 
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Stewart and Gee.— elementary practical phy- 
sics, LESSONS IN. By Professor Balfour Stewart, F.R.S., 
and W. Haldane Gee, B. Sc. Crown 8vo. 

Part I.— GENERAL PHYSICAL PROCESSES. 6s, 
Part IL— ELECTRICITY AND MAGNETISM. [/« t^e press. 
Part III.— OPTICS, HEAT, AND SOUND. [In preparation, 

A SCHOOL COURSE OF PRACTICAL PHYSICS. By the 
same Authors. [In preparation, 

Stokes. — ON LIGHT. Being the Burnett Lectures, delivered in 
Aberdeen in 1883 -1884. By George Gabriel Stokes, M.A., 
P.R.S., &c.. Fellow of Pembroke College, and Lucasian Professor 
of Mathematics in the University of Cambridge. First Course. 
On the Nature of Light.— Second Course. On Light as 
A Means of Investigation. Crown 8vo. 2s, 6d. each. 

[TTiird Course in the press. 

Stone. — AN ELEMENTARY TREATISE ON SOUND. By 
W. H. Stone, M.D. With Illustrations. i8mo. 3.^. 6d, 

Tait. — HEAT. By P. G. Tait, M.A., Sec. R.S.E., formerly 
Fellow of St. Peter's College, Cambridge, Professor of Natural 
Philosophy in the University of Edinburgh. Crown 8vo. 6s, 

Thompson. — elementary lessons in electricity 

AND MAGNETISM. By Silvanus P. Thompson, Principal 
and Professor of Physics in the Technical College, Finsbury. With 
Illustrations. New Edition. Fcap, 8vo. 4^. 6d, 

Thomson.— ELECTROSTATICS AND MAGNETISM, RE- 
PRINTS OF PAPERS ON. By Sir William Thomson, 
D.C.L., LL.D , F.R.S., F.R.S.E., Fellow of St. Peter's College, 
Cambridge, and Professor of Natural Philosophy in the University 
of Glasgow. Second Edition. Medium 8vo. i%s, 
THE MOTION OF VORTEX RINGS, A TREATISE ON. 
An Essay to which the Adams Prize was adjudged in 1882 in 
the University of Cambridge. By J. J. Thomson, Fellow of 
Trinity College, Cambridge, and Professor of Experimental Physics 
in the University. With Diagrams. 8vo. 6s, 

Todhunter.— NATURAL PHILOSOPHY FOR BEGINNERS. 
By i. Todhunter, M.A., F.R.S., D.Sc. 
Part I. The Properties of Solid and Fluid Bodies. i8mo. 31. 6d, 
Part II. Sound, Light, and Heat. i8cno. y, 6d, 

Turner.— HEAT AND ELECTRICITY, A COLLECTION OF 
EXAMPLES ON. By H. H. Turner, B. A., Fellow of Trinity 
College, Cambridge. Crown 8vo. 2t. 6d, 

Wright (Lewis). — LIGHT ; A COURSE OF EXPERI- 
MENTAL OPTICS, CHIEFLY WITH THE LANTERN. 
By Lewis Wright. With nearly 200 Engravings and Coloured 
Plates. Crown 8vo. 7J. 6d, 
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ASTRONOMY. 

Airy.— POPULAR ASTRONOMY. Wilh Illustrations Ir? Sil 
G. B. AiRv, K.C.H,, formerly Ablroaoiner-Royal. New Edition. 
i8mo. 4.. 6,/. 
Forbes. — transit OF VENUS. Ej G, Forbes, M.A., . 
Professor of Natural PhEosopby in the Aiidersonion Univeraty, i 
Glasgow. Illustrated. Crown 8 vo. y. 6d. {l<raluri Sa-Us.) 'l 
Godfray.- — Woik? by Hugh Goofba-v, M.A., Mathematical 3 
Lecturer at Pembroke College, Cambridge. \ 

A TREATISE ON ASTRONOMY, for (he Use of Colleges and 

Schools. Fourth Edition. Svo, i2j-. td. 
AN ELEMENTARY TREATISE ON THE LUNAR THEORY, 
with a Brief Slietch of (he Problem up to the time of Newton- 
Second Edition, revised. Crown Svo. Jj. 61/, 
Lockyer. — Works by J. Norman Lockyeb, F.E.S. 
PRIMER OF ASTRONOMY. With numerous IllustraliDtis, 

New Edition. iSmo. li. {Scitme FHmers.) 
ELEMENTARY LESSONS IN ASTRONOMY. With Colonred 
Diagram of the Spectra of the Sun, Stars, and Nebulie, and 
numerous lUuslrations. New Ediliou. Fcap. Svo. $s. 6d. 
QUESTIONS ON LOCKYER'S ELEMENTARY LESSONS IN 
ASTRONOMY, For the Use of Schools. By John Fokbbs- 
RoBERTSON. l8mo, clutb limp u. 6d. 
NeWCOmb.— POPULAR ASTRONOMY. By S. Newcomi^ I 
LL,D., Professor U.S. Naval Observatory. With na lUusti^kinKij 
and 5 Maps of the Stars. Second Ediiion, revised. Svo. iSr. j 
"It isudilie anything cIm of il! kind, snd wUl be of more use in dnailuiiica I 
Lnavledgc of Astronomy ihaii nine-tenths of ihe books which have appfiaifid on LM I 
snbjeoof lale TMis-"— Satuhdav Kkvibw. 

CHEMISTRY. 

Cooke.— ELEMENTS OF CHEMICAL PHYSICS. B^ JoaAH 
P. Cooke, Junr., Erving Professor of Chemistry and Mineralogy 
in Harvard University. Fourth Ediiion. Royal Svo, aii, 

Fleischer,— A SYSTEM OF VOLUMETRIC ANALYSIS. 
Translated, with Notes and Additions, firom the Second GoTnan 
Edition by M. M. Pattison Muir, F.R.S.E. With UlnstralionB. 
Crown Svo. is, 6d. 

Jones.— Works by.FRAKcis JONEs, F.R.S.E., F.C.S., ChomaJ 
Master in the Grammar School, Manchester. 
THE OWENS COLLEGE JUNIOR COURSE OF PRAC 
TICAL CHEMISTRY. With Preface by Sir Hbkry RoscOE, 
F.R.S., and Illustrations. New Edition. iSmo. 2s.6d. 
QUESTIONS ON CHEMISTRY. A Series of Problems and 
Exerdies in Inorganic and Organic Chemistry. Fcap. 8vs. 31^ 
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Lao dauer.— BLOWPIPE anai,ysis. By j. Lamjauer. 

Authorised English Edition ijy J. Tavlor and W. E. Xav, of 
Owens College, Manchester. Extra fcap. Svo. 4J. 6rf. 
liUpton.— ELEMENTARY CHEMICAL ARITHMETIC. With 
i.aoo ProblEm.5. By SI'dney Lupton, M.A., F.C.S., F.LC. 
formerly Assistant-Master at Hntrow. Second Edition, Revised 
and Abridged. Fcap. Svo. 4;. 6J. 
Muir. — PRACTICAL CHEMISTRY FOR MEDICAL STU- 
DENTS. SpeciaUy arranged for the fiiit M.B. Course. Ry 
M. M. Pattieon Mdir, F.R.S.E. Fcap. 8vo. i/. &/. 
Muir and W^ilson.— THE ELEMENTS OF THERMAL 
CHEMISTRY. By M. M. Pattison Muir. M.A., F.R.S.E., 
Fellow and Pra;lector of Chemistry in Gonville and Caias College, 
Cambridge ; Assisted by David Muir Wilson, Svo. iu. 6rf, 
Remaen.— Works by Ira Rsmsen, Professor of Chcmialiy in the 
Johns Hopkins Universily. 

COMPOUNDS OF CARBON; or, Oiganio Chemistry, an Intro- 
duction to the Study of. Crown 8vo. 6s, &/. 

AN INTRODUCTION TO THE STUDY OF CHEMISTRY 
(INORGANIC CHEMISTRY). Crown Svo. 6s. 6d. 
Roscoe.^ Works by Sir Henry E. Roscoe. F.R.S,, Professor of 
Chemistry in the Victoria University the Owens College, Manchester. 

PRIMER OF CHEMISTRY. With Qumerous Illustrations. New 
Edition. With Queslions. iSmo. is. {Sdena Primfri.) 

LESSONS IN ELEMENTARY CHEMISTRY, INORGANIC 
AND ORGANIC. With numerous Illustrations and Chromolilha 
of the Solar Spectrum, and of the Alkalies and Alkaline Enrths. 
New Edition. Fcap. Svo. 41. 6d. 

A SERIES OF CHEMICAL PROBLEMS, prepared with Special 
Reference to the foregoing, by T. E, Thorpe, Ph.D., Professor 
of Chemistry in the York Jiire College of Science, Leeds, Adapted 
for the Preiiaration of Students for the Government, Science, and 
Society of Arts Examinations. With a Preface by Sir Henbv E. 
RoscoK, F.R.S. New Edition, with Key. i8mo. w. 
Roscoe and Schorlemmer.— inorganic AND OR- 
GANIC CHEMISTRY. A Complete Treatise on Inorganic and 
Organic Chemistry. By Sir Henkt E. Roscoe, F.R.S., and 
Professor C. Schoelemuer, F.R.S. With numerous Illustrations. 
Medium Svo. 

VoK L and II.— INORGANIC CHEMISTRY. 

Vol. I.— The Non-Metallic Elements, iu. Vol. II. Part I.— 
Metals. i8j. Vol. 11. Part II.— Metals. iBj. 

VoL III.— ORGANIC CHEMISTRY. 

THE CHEMISTRY OF THE HYDROCARBONS and thdr 
Derivatives, or ORGANIC CHEMISTRY, Three Parts, Paris 
I. ud II. ill. each. Put III. i&. 
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Schorlemmer, — a manual of the chemistry QV 
THE CARBON COMPOUNDS. OR ORGANIC CHE- 
MISTRY. By C. SCRORLEMMEE, F.R.S., Professor of Che- 
mistry in the Victoria University the Owens Colle6;e, Manchester. 
With I llusl rations. Svo. i+r. 

Thorpe. — a SERIES OF CHEMICAL PROBLEMS, Kepared 
with Special Reference to Sir II. E. Roscoe's Lessons in Elemen- 
tary Chemisliy, by T. E. Thorpe, Ph.D., F.R.S., Professor el 
Cbemistry in the Normal School of Science, South KecsingtODi . 
adapted for the Preparation of Students for the Government, 
Science, and Society of Arts Eiami nations. With a Preface ty Sir 
HekryE. RoscoE, F.R.S. New Edition, with Key. iSmo. aj. 

Thorpe and Rijcker.— a treatise on chemical 
PHYSICS. By T. E. Thorpe, Ph.D., F.R.S. Professor of 
Chemistry in the Normal School of Science, and Professor A. W. 
Riit:KER. Illustrated. Svo. [In fnjaraliim, 

Wright— METALS AND THEIR CHIEF INDUSTRIAL 
APPLICATIONS. By C. Alder Wright, D.Sc., ic, 

Lecturer on Chemistry in St. Mary's Ilospitil Medical ScIiooL 
Extra fcap. Svo. y. 6d. 
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AUen.^ON THE COLOUR OF FLOWERS, as Illustrated ta 
the British Flora. By Grant Allen. With Illustrations, 
Crown Svo. y.6d. {Nature Series.) ^ 

Balfour. — A TREATISE ON COMPARATIVE EMBRY., 
OLOGY. By F. M. Balfour, M.A., F.R.S.. Fellow sndj 
Lecturer of Trinity College, Cambridge. With Illnstrationfc^ 
Second Edition, reprinted without alteration from the Fint^ 
Edition. In 2 vols, Svo. Vol. I. i3j. Vol. II. aw. 

Bettany.— FIRST lessons in practical BOTANY. 
By G. T. Bettany, M.A., F.L.S., formerly Lecturer in Botany 
at Guy's Hospital Medical School. iSino. is. 

Bower — Vines.— A COURSE OF practical INSTRUC- 
TION IN BOTANY. By F. O. Boweb, M.A., F.L.S.,. 
Professor of Bolany in the University of Glasgow, and SYDNEIT , 
H. Vines, M.A., D.Sc, F.R.S., Fellow and Lecturer, ChrialV. 
Collie, Cambridge. With a Preface by W. T. ThiseltobI 
Dyer, M.A., C.M.G., F.R.S., F.L.S,, Directir of the Royit" 
Gardens, Kew. 

Part L— PHANEROGAM/E — PTERIDOPHYTA. 
Bvo. 6j. 



Darwin (Charles).— MEMORIAL NOTICES OF CHARLES 
DARWIN, r.R.S., &c. By Thomas Henkv IIijxi.ev. F.R.S,, 
G, J. Romanes, F.R.S. , Ahchibald Geikie, F.R.S., and 
W. T. Thiselton Dyer, F.R.S. Reprinted from Mature. 
With a Porhait, cHEraved by C. H, Jkenb. Crown 8va 
ar. 6rf. Wlure Serus.) 

Flower and Gadow. — AN INTRODUCTION TO THE 
OSTEOLOGY OF THE MAMMALIA. By William Henry 
Flower, LL.D., F.R.S., Director of the Natural History De- 
partments of the British MuBeam, lute Hnnterian Professor of 
Comparative Anatomy and Pliysiology in the Royal College of 
Surgeons of England. With numerous lUustrations. Third 
Edition. Revised with the assistance of HANS Gauow, Ph.D., 
M.A., Lecturer on the Advanced Morphology of Vertebrates and 
Strickland Curator in the University of Cajnbridge. Crown 8vo. 

Foster. — Works by Michael Foster, M.D., Sec R.S., Professor 

of Physiology in the University of Cambridge. 
PRIMER OF PHYSIOLOGY. With numerous lUustrationE. 

New Edition. iSmo. is. 
A TEXT-BOOK OF PHYSIOLOGY, With lUustrations. Fourth 

Edition, revised. Svo. 2li. 

Foster and Balfour. — the elements of embry- 

OLOGY. By Michael Foster, M.A., M.D., LL.D., Sec R.S., 
Profes!Or of Pllysiology in the University of Cambridge, Fellow 
of Trinity College, Cambridge, and the late Francis M. Balfour, 
M.A., LL.D., F.R.S., Fellow of Trinity CoHege, Cambridge, 
and Professor of Animal Morphology in the University. Second 
Ediiion, revi'ied. Edited by AuAK Sedgwick, M.A., Fellow 
and Assistant Lecturer of Trinity College, Cambridge, and Walter 
Heafe, Demonstrator in the Moqihulogical Laboratory of the 
University of Cambridge With lUastrations. Crown Svo. loi. W. 
Foster and Langley. — a COURSE OF ELEMENTARY 
PRACTICAL PHYSIOLOGY. By Prof. Michael Foster, 
M.D., Sec R.S., &c, and J. N. Langlev, M,A., F.E.S., FcUow 
ofTrinily College, Camhriiige. Fiflh Edition. Crown Svo: 7J. W. 

Gamgee. — a text-book of the physiological 

CHEMISTRY OF THE ANIMAL BODY, Including an 
Account of the Chemical Changes occurring in Di-ease. By A. 
Gamgee, M.D., F.R.S., Professor of Phystology in the Victoria 
University the Owens College, Manchester. 2 Vols. Svo. 
With Illustrations. Vol. I. iSj. [ Vol. If. in Ike prtss. 

Gegenbaur. — ELEMENTS ofcomparative anatomy. 
By Professor Carl Gegenbauk. A Trajislation by F. Jeffrey 
Bbll, B.A. Revised wilh Preface by Profeisoc E. Ray Lan- 
KBSTER, F,R.St- ^Jt'' sumerous Illustrations. Svo. aw. 
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Gray.— sTRucTUEiAi. botanv. or organography 1 

ON THE BASIS OF MORPHOLOGY, To which are added 

the principles of TaioDOmy and Phytography, and a Glossary of 

Botanical Terms. By Professor Asa Gray, LL.D. 8iro, icw. 6il. 

Hooker. — Works by Sir j, D. Hooker, K.C.S.I., C.B., M.D., 

PRIMER oV" BOTANY. With nnmcrous Illustrations. New 

Edition. iSrao. u. {Scitme Frimcrs.) 
THE STUDENr.S FLORA OF THE BRITISH ISLANDS. 
Third Edition, revLwd. Globe Svo. lor. 5d. 
Howes. — AN ATLAS OF PRACTICAL ELEMENTARY 
BIOLOGY. By G. B. Howes, Assistant Professor of Zooli^, 
Normal School of Science and Koyal School of Mines, With a 
Preface by Thomas Henry Huxley, F. R. S, Royal 410, 141. 
Huxley — Works by THOMAS Henrv Huxlev. F.R.S. 
INTRODUCTORY PRIMER OF SCIENCE. l8mo. IJ. 

\Samec PHma-s.) 
LESSONS IN ELEMENTARY PHYSIOLOGY. With niuneron* 

Illustrations. New Edition Revised. Fcap. 8vo, 4J. 6d. 
QUESTIONS ON HUXLEY'S PHYSIOLOGY FOR SCHOOLS. 
By T. Alcock, M.D, New Edition. i8mo. u. &/. 
Huxley and Martin. — a COURSE OF practical IN 
STRUCTION IN ELEMENTARY BIOLOGY. By Thomas 
Henry HtixLEY, F.R.S., assisted In H. N, Martin, M.B., 
D.Sc. New Edition, revised. Cronn Sto. &!. 
Kane.— EUROPEAN BUTTERFLIES, A HANDBOOK OF 
By W. F. De VisuKs Kane, M.A., M.R.LA., Member of the 
Entomological Society of London, &c. With Copper Plate Illustta- 
tions. Crown 8vo. lOr. 61/. 
A LIST OF EUROPEAN RHOPALOCERA WITH THEIR 
VARIETIES AND PRINCIPAL SYNONYMS. Reprinted 
from the Handbook nf European Butterjlits. Crown Svo. U. 
Lankester. — Works by Professor E. RAT Lankester, F.R.S. 
A TEXT BOOK OF ZOOLOGY. Crovra Svo. {In freparaHim.* 
DEGENERATION : A CHAPTER IN DARWINISM. lUua. I 
(rated. Crown Svo, Zj. 6rf. {Nature Seriis.) 1 

Lubbock.^Works by SiE John Llbbock, M.P., F.R.S., D.C.L. 
THE ORIGIN AND METAMORPHOSES OF INSECTS. 
With numerous Illustrations. New Edition. Crown Svo, Jt. 6d. 
(Nalure Serif!.) 
ON BRITISH WILD FLOWERS CONSIDERED IN RE- 
LATION TO INSECTS. With numerous Illuslradons. Ne* 
Edition, Crown Svo, 4^. 6d. (Naturi Series). 
FLOWERS, FRUITS, AND LEAVES, With JUuitrMioni. 
Crown Svo, 4^, €it. {Nalun Stria.) 



M'Kendnct.— OUTLINES OF PHYSIOLOGY IN ITS RE- 
LATIONS TO MAN. Uy J. G. M'Kendrick, M.D., F.R.S.E. 
Willi lUiialralions. Crown &vo. IZ!. 6rf. 

Martin and Moale. — on the dissection of verte- 
brate ANIMALS. By Professor H. N. Martin and W. A. 
Moale. Crown 8vo. [In prtfaratum. 

Mivart. — Works by St. George Mivart, F.R.S., Lecturer in 
Comparalive Anatomy at St. Mary's Ilospilal. 
LESSONS IN ELEMENTARY ANATOMY. With upwards of 

400 Illustrations. Fcap. 8to. fir. 6d. 
THE COMMON FROG. With numerous lllusti-ations. Crown 
Svo. 3J. 6d. {Nature Series.) 

Muller.— THE FERTILISATION OF FLOWERS. By Pro- 
fessor HURMAKN MiJLLER. Translated and Edited by D'Abcy 
W. Thompson, B.A., Professor of Biology in University College, 
Dundee. With a Preface by Charles Darwii*, F.E,S. With 
lUusDations. Medium Svo. 31.;. 



Oliver. — Works by Daniei, Oliver, F.R.S,, &c., Professor of 

Botany in University College, London, &c. 
FIRST BOOK OF INDIAN BOTANY, With numerous lUus- 

Irations. Extra fcap. 8vu. 6j. 6rf. 
LESSONS IN ELEMENTARY BOTANY. With nearly 200 

illustrations. New Edition. Fcap. Svo. ^r. 6d. 

Parker. — A course OF instruction in zootomy 

(VERTEBRATA). By T. Jeffrey Parker, B.Sc. London, 
ProfesFor of Biology in the University of Otago, New Zealand. 
With lUuslratioQs, Crown Svo. Sj. &(■. 

Parker and Bettany.— the morphology of the 
SKULL. By Professor W. K. Parkeu, F.R.S., and G. T. 
BKTrANV. Illustrated. Crown Svo. loi. 6d. 
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